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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

This invention relates to novel substituted imidazoles, and processes for their preparation. The invention also 
relates to pharmaceutical compositions containing the novel imidazoles and pharmaceutical methods using them, 
alone and in conjunction with other drugs, especially diuretics and non-steroidal anti- inflammatory drugs (NSAID's) 

10 The compounds of this invention inhibit the action of the hormone angiotensin II (All) and are useful therefore in 
alleviating angiotensin induced hypertension. The enzyme renin acts on a blood plasma a 2 -g!obu!in, angiotensinogen, 
to produce angiotensin I, which is then converted by angiotensin converting-enzyme to All. The latter sifcstance is a 
powerful vasopressor agent which has been implicated as a causitive agent for producing high blood pressure in vari- 
ous mammalian species, such as the rat, dog, and man. The compounds of this invention inhibit the action of All at its 

15 receptors on target cells and thus prevent the increase in blood pressure produced by this hormone-receptor interac- 
tion. By administering a compound of this invention to a species of mammal with hypertension due to All, the blood 
pressure is reduced. The compounds of this invention are also useful for the treatment of congestive heart failure. 
Administration of a compound of this invention with a diuretic such as furosemide or hydrochlorothiazide, either as a 
stepwise combined therapy (diuretic first) or as a physical mixture, enhances the antihypertensive effect of the com- 

20 pound. Administration of a compound of this invention with a non-steroidal anti-inflammatory drug (NSAID) can prevent 
renal failure which sometimes results from administration of a NSAID. 

K. Matsumura, et al., in U.S. Patent 4,207,324 issued June 10, 1980 discloses 1 ,2-disubstituted-4-haloimidazol e- 
5-acetic acid derivatives of the formula: 
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Wherein R 1 is hydrogen, nrtro or amino; R 2 is phenyl, fury! or thienyl optionally substituted by halogen, lower alkyl, lower 
40 alkoxy or di-lower alkylamino; R 3 is hydrogen or lower alkyl and X is halogen; and their physiologically acceptable salts. 
These compounds have diuretic and hypotensive actions. 

Furukawa, et al., in U.S. Patent 4,355,040 issued October 19, 1982 discloses hypotensive imidazole-5-acetic acid 
derivatives having the formula: 
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Wherein R 1 is lower alkyl, cycloalkyl, or phenyl optionally substituted; X 1 , X 2 , and X 3 are each hydrogen, halogen, nitro, 
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amino, lower alkyl, lower alkoxy, benzyloxy, or hydroxy; Y is halogen and R 2 is hydrogen or lower alkyl; and salts thereof. 

Furukawa, et al., in US. Patent 4,340,598, issued July 20, 1982, discloses hypotensive imidazole derivatives of the 
formula: 




75 
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Wherein R 1 is lower alkyl or, phenyl alkyl optionally substituted with halogen or nitro; R 2 is lower alkyl, cycloalkyl 
or phenyl optionally substituted; one of R 3 and R 4 is -(CH^COR 5 where R 5 is amino, lower alkoxyl or hydroxy! and n 
is 0, 1, 2 and the other of R 3 and R 4 is hydrogen or halogen; provided that R 1 is lower alkyl or phenethyl when R 3 is 
hydrogen, n=1 and R 5 is lower alkoxyl or hydroxyl; and salts thereof. 

Furukawa et al., in European Patent Application 103,647 discloses 4-chloro-2-phenylimidazole-5-acetic acid deriv- 
atives useful for treating edema and hypertension of the formula: 




CHjCOjH 



35 

Where R represents lower alkyl and salts thereof. 

The metabolism and disposition of hypotensive agent 4-chloro-1-(4-methoxy-3-methylbenzyl)-2-phenyl-imidazole- 
5-acetic acid is disclosed by H. Torii in Takeda Kenkvushoho. 4L No 3/4, 180-191 (1982). 

Frazee et al., in European Patent Application 125,033-A discloses 1-phenyl(alkyl)-2-(alkyl)-thioimidazole deriva- 
40 tives which are inhibitors of dopamine-p-hydroxylase and are useful as antihypertensives, diuretics and cardiotonics. 

European Patent Application 146,228 filed October 16, 1984byS.S.L Parhi discloses a process for the preparation 
of 1 -substituted-5-hydroxymethyl-2-mercaptoimidazoles. 

A number of references disclose 1-benzyl-imidazoles such as U.S. Patent 4,448,781 to Cross and Dickinson 
(issued May 15, 1984); U.S. Patent 4,226,878 to llzuka et al. (issued October 7, 1980); U.S. Patent 3,772,315 to Regel 
45 et al. (issued November 13, 1973); U.S. Patent 4,379,927 to Vorbruggen et al. (issued April 12, 1983); amongst others. 

Pals et al., Circulation Research. 2& 673 (1971) describe the introduction of a sarcosine residue in position 1 and 
alanine in position 8 of the endogenous vasoconstrictor hormone All to yield an (octa)peptide that blocks the effects of 
All on the blood pressure of pithed rats. This analog, [Sar 1 , Ala 8 ] All, initially called "P-1 13" and subsequently "Sarala- 
sin", was found to be one of the most potent competitive antagonists of the actions of All, although, like most of the so- 
so called peptide- All-antagonists, it also possesses agonistic actions of its own. Saralasin has been demonstrated to lower 
arterial pressure in mammals and man when the (elevated) pressure is dependent on circulating All (Pals et al.. Qirpyj- 
lation Research. 23., 673 (1971); Streeten and Anderson, Handbook of Hypertension, Vol. 5, Clinical Pharmacology of 
Antihypertensive Drugs, A. E. Doyle (Editor), Elsevier Science Publishers B.V., p. 246 (1984)). However, due to its ago- 
nistic character, saralasin generally elicits pressor effects when the pressure is not sustained by All. Being a peptide, 
55 the pharmacological effects to saralasin are relatively short-lasting and are only manifest after parenteral administra- 
tion, oral doses being ineffective. Although the therapeutic uses of peptide All-Wockers, like saralasin, are severely lim- 
ited due to their oral ineffectiveness and short duration of action, their major utility is as a pharmaceutical standard. 

Some known non-peptide antihypertensive agents act by inhibiting an enzyme, called angiotensin converting 
enzyme (ACE), which is responsible for conversion of angiotensin I to All. Such agents are thus referred to as ACE 
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inhibitors, or converting enzyme inhibitors (CEI's). Captopril and enalapril are commercially available CEi's. Based on 
experimental and clinical evidence, about 40% of hypertensive patients are non-responsive to treatment with CEI's. But 
when a diuretic such as furosemide or hydrochlorothiazide is given together with a CEI, the blood pressure of the major- 
ity of hypertensive patients is effectively normalized. Diuretic treatment converts the non-renin dependent state in reg- 

5 ulating blood pressure to a renin-dependent state. Although the imidazoles of this invention act by a different 
mechanism, i.e., by blocking the All receptor rather than by inhibiting the angiotensin converting enzyme, both mecha- 
nisms involve interference with the renin-angiotensin cascade. A combination of the CEI enalapril maleate and the diu- 
retic hydrochlorothiazide is commercially available under the trademark Vaseretic® from Merck & Co. Publications 
which relate to the use of diuretics with CEI's to treat hypertension, in either a diuretic-first, stepwise approach or in 

w physical combination, include Keeton, T. K. and Campbell, W.B., Pharmacol. Rev., 31 :81 (1981) and Weinberger, M.H., 
Medical Clinics N. America, 71:979 (1987). Diuretics have also been administered in combination with saralasin to 
enhance the antihypertensive effect. 

Non-steroidal anti-inflammatory drugs (NSAlD's) have been reported to induce renal failure in patients with renal 
underperfusion and high plasma level of All. (Dunn, M.J., Hospital Practice, 19:99, 1984). Administration of an All block- 
15 ing compound of this invention in combination with an NSAID (either stepwise or in physical combination) can prevent 
such renal failure. Saralasin has been shown to inhibit the renal vasoconstrictor effect of indomethacin and meclofena- 
mate in dogs (Satoh et al., Circ. Res. 36/37 (Suppl. l):l-89, 1975; Blasingham et aL Am. J. Physiol. 239:F360. 1980). 
The CEI captopril has been demonstrated to reverse the renal vasoconstrictor effect of indomethacin in dogs with non- 
hypotensive hemorrhage. (Wong et al.. J. Pharmacol. Exp. Ther. 219:104. 1980). 
20 EP-A-0 291 969 (published 23.1 1 .1988) discloses tetrazole compounds. 
EP-A-0 253 310 (published 20.1.1988) discloses imidazole compounds. 

Summary of The Invemion 

25 According to the present invention there are provided antihypertensive compounds of the formula (I): 
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(I) 

wherein 
so R 1 is 
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R 4 

R 6 
R 7 



i$C0 2 R 11 .N0 2 . CN; 

is alky) of 2 to 10 carbon atoms; 
is CyFgv+i, where v=2-6, C 6 F 5 ; 



i 



-C-R 



16 



10 R 8 



15 



20 



25 



or straight or branched alkyt of 1 to 6 carbon atoms; 
is 



-CR 



16 



- (CH 2 )„— 



CH 3 0. 



CH - N - NH • SO3— ^ y 




CH3O 



-CH 
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- N - NH-^ J 



N' 
H 
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R 11 
R 13 



or-(CH2) n OR 11 ; 

is H, or alkyl of 1 to 6 carbon atoms; 
is -C0 2 H, -NHSO2CF3, or 



N 



H 
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50 



R 16 

X 
n 
r 



is H, or OR 11 

is a carbon-carbon single bond; 
is 1; 
is 1; 



and pharmaceutical^ acceptable salts of these compounds. 

Furthermore, the invention comprises a pharmaceutical composition comprising compounds of formula (I), use of 
these compounds for the preparation of medicaments and processes for the preparation of the compounds of formula 
(I) as defined in the claims. 

More preferred are compounds of Formula I wherein 



R 6 

55 R 7 



is alkyl, alkenyl or alkynyl of 3 to 7 carbon atoms; 
is C v F2v + i, where v=2-3, or 
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0 

-CH 18 



R 8 is-(CH2) m 0R 11 ; 



a 14 



; , 

(CH 2 ) B OCa 14 j -CHsCB-CHOa 16 ; 



0 0 
(CH 2 ) B CR 16 ; -CHgNHCOa 10 ; 



-(CH2) m NHS0 2 R 1 °; 



N-N 



•CH2 

H 

or -COR 16 ; 

R 10 is CF 3 , alkyl of 1 to 6 carbon atoms or phenyl; 
R 1 1 is H, or alkyl of 1 to 4 carbon atoms; 

R 13 is C0 2 H; C0 2 CH 2 OCOC(CH3)3; NHS0 2 CF 3 

and 



N-N 

m 

N 
H 



4 



R 14 is H, or alkyl of 1 to 4 carbon atoms; 

R 15 is H, alkyl of 1 to 4 carbon atoms, or acyl of 1 to 4 carbon atoms; 
R 16 is H, alkyl of 1 to 5 carbon atoms; OR 17 ; 




m is 1 to 5; 

X = single bond, -O-; -CO-; -NHCO-; or OCH 2 -; and pharmaceutically acceptable salts. 
Most preferred for their antihypertensive activity are the following novel compounds: 
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• 2-Propy1-4-perrtafluoroethyl-1-[(2X1H-tetrw^^ 

• 2-Propyl-1 -[(2'-(1 H-tetrazol-5-y1)biphenyl-4-yOme%Qimidazole-4,5-dicartx)xylic acid. 

• 2-Propyl-4-pentafluoroethyl-1-[(2 , -(1H-te^ 

• 2-Propy1-4-pentafluoroethyl-[(2*-(1H-tet^^^ 

5 

and pharmaceutically acceptable salts thereof. 
Note that throughout the text when an alky) substituent is mentioned, the normal alkyl structure is meant (i.e., butyl 
is n-butyl) unless otherwise specified. 

Pharmaceutically suitable salts include both the metallic (inorganic) salts and organic salts; a list of which is given 
w in Remington's Pharmaceutical Sciences. 1 7th Edition, pg. 1418 (1985). It is well known to one skilled in the art that an 
appropriate salt form is chosen based on physical and chemical stability, f lowability, hydroscopicity and solubility. Pre- 
ferred salts of this invention for the reasons cited above include potassium, sodium, calcium and ammonium salts. 

Also within the scope of this invention are pharmaceutical compositions comprising a suitable pharmaceutical car- 
rier and a novel compound of Formula (I), and methods of using the novel compounds of Formula (I) to treat hyperten- 
15 sion and congestive heart failure. The pharmaceutical compositions can optionally contain one or more other 
therapeutic agents, such as a diuretic or a non-steroidal antiinflammatory drug. Also within the scope of this invention 
is a method of preventing renal failure resulting from administration of a non-steroidal antiinflammatory drug (NSAID) 
which comprises administering a novel compound of Formula (I) in stepwise or physical combination with the NSAID. 
The compounds of this invention can also be used as diagnostic agents to test the renin angiotensin system. 
20 It should be noted in the foregoing structural formula, when a radical can be a substituent in more than one previ- 
ously defined radical, that first radical can be selected independently in each previously defined radical. For example, 
R 1 , R 2 and R 3 can each be CONHOR 12 . R 12 need not be the same substituent in each of R 1 , R 2 and R 3 but can be 
selected independently for each of them. 

25 Synthesis 

The compounds of Formula (I) may be prepared using the reactions and techniques described in this section. The 
reactions are performed in a solvent appropriate to the reagents and materials employed and suitable for the transfor- 
mation being effected. It is understood by those skilled in the art of organic synthesis that the functionality present on 

30 the imidazole and other portions of the molecule must be consistent with the chemical transformations proposed. This 
will frequently necessitate judgment as to the order of synthetic steps, protecting groups required, deprotection condi- 
tions, and activation of a benzylic position to enable attachment to nitrogen on the imidazole nucleus. Throughout the 
following section, not all compounds of Formula (I) falling into a given class may necessarily be prepared by all methods 
described for that class. Substituents on the starting materials may be incompatible with some of the reaction conditions 

35 required in some of the methods described. Such restrictions to the substituents which are compatible with the reaction 
conditions will be readily apparent to one skilled in the art and alternative methods described must then be used. 
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Scheme 1 




Generally, compounds of Formula (3) can be prepared by direct alkylation onto imidazole (1) prepared as described 
in U.S. 4,355,040 and references cited therein, with an appropriately protected benzyl halide, tosylate or mesylate (2) 
in the presence of base, as shown in path a). Preferably, the metallic imidazolide salt is prepared by reacting imidazole 
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(1) with a proton acceptor such as MH where M is lithium, sodium or potassium in a solvent such as dimethylfbrmamide 
(DMF) or by reacting it with a metal alkoxide of formula MOR where R is methyl, ethyl, t-butyl or the like in an alcohol 
solvent such as ethand or t-butanol, or a dipolar aprotic solvent such as dimethylformamide. The imidazole salt is dis- 
solved in an inert aprotic solvent such as DMF, and treated with an appropriate alkylating agent (2). Alternatively, imi- 

5 dazole (!} can be alkylated with a benzyl halide (2, where X=Br, CI) in the presence of a base such as sodium 
caibonate, potassium carbonate, triethylamine or pyridine. The reaction is run in an inert solvent such as DMF or 
DMSO at 20°C to the reflux temperature of the solvent for 1 -10 hours. 

For example, the 4-nitrobenzyl intermediate (3a. wherein R 1 = 4-N0 2 , R 2 = R 3 = H) may be obtained by direct 
alkylation onto imidazole (1) with a 4-nitrobenzyl halide, tosylate or mesylate in the presence of base. 

10 If R 7 and R 8 are different, mixtures of two regioisomer alkylation products (3b, and 3fi) are obtained in which R 7 and 
R 8 are interchanged. When R 8 is CHO the alkylation is such that the benzyl group becomes attached to the adjacent 
nitrogen preferentially. These isomers possess distinct physical and biological properties and can usually be separated 
and isolated by conventional separation techniques such as chromatography and/or crystallization. 




R • R • H 



In all series examined, the more rapidly eluted isomer of a given pair has greater biological potency than the less 
45 rapidly eluted isomer. The absolute structure of the compounds 3d and 3fi has been confirmed by X-ray crystallographic 
analysis to establish the relationship between structure, physical properties and biological activity. Sulfonamide 3d is 
the more rapidly eluted isomer in its series, acid 3fi is the less rapidly eluted isomer in its series. 

Alternatively, any properly functionalized benzylamine derivative (4) may be converted to imine (S) by treatment 
with an acylamino ketone (§) in the presence of an inert solvent such as benzene, toluene, or the like, and a catalytic 
so amount of p-toluenesulfonic acid or molecular sieves, N. Engel, and W. Steglich, Liebias Ann. Chem.. 1916, (1978), or 
in the presence of alumina, F. Texier-Boulet, Synthesis. 679 (1985). The resulting imine (6) can be cyclized to the N- 
benzyl imidazole (3) with phosphorus pentachloride (PCI 5 ), phosphorus oxychloride (POCI 3 ) or triphenylphosphine 
(PPh 3 ) in dichloroethane in the presence of a base such as triethylamine, N. Engel and W. Steglich, Lisbigg Ann. 
Chem.. 1916, (1978). 

55 Acylamino ketone (5) is readily obtainable from amino acids via the Dakin-West reaction, H.D. Dakin, R. West, ^ 
Biol. Chem.. 78, 95 and 745 (1928). and various modifications thereof, W. Steglich, G. HOfle, AngQw. Qhgm. Int. E0. 
Enal.. 8, 981 (1969); G. HOfle, W. Steglich, H. VorbrQggen, Anqew. Chem. Int. Ed. EnaL 1Z 569 (1978); W. Steglich, 
G. HGfle, BSL. 102. 883 (1969), or by selective reduction of acyl cyanides, A. Pfaltz, S. Anwar, leLLfitL 2977 (1984), or 
from a-halo. a-tosyl or a-mesyl ketones via the appropriate substitution reactions that one skilled in the art will readily 
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recognize. 

The functionaiized benzylamines (4) may be made from the corresponding benzyl halide, tosylate or mesylate (2) 
via displacement with a nitrogen nucleophile, a procedure familiar to one skilled in the art. This displacement may be 
achieved using azide ion, ammonia, or phthalimide anion, etc., in a neutral solvent such as dimethylformamide, dimeth- 

5 ylsulfaxide etc., or under phase transfer conditions. The benzyl halide (2) may be made by a variety of benzylic halo- 
genation methods familiar to one skilled in the art, for example benzylic bromination of toluene derivatives with N- 
bromocuccinimide in an inert solvent such as carbon tetrachloride in the presence of a radical initiator such as benzoyl 
peroxide at temperatures up to reflux conditions. 

A wide variety of toluene derivatives may be made from simple electrophilic substitution reactions on an aromatic 

10 ring. This includes nitration, surfonation, phosphorylation, Friedel-Crafts alkylation, Friedel-Crafts acylation, halogena- 
tion, and other similar reactions known to one skilled in the art, G. A. Olah, "Friedel-Crafts and Related Reactions, n Vol. 
JL5, Interscience, New York, (1965). 

Another way to synthesize functionaiized benzyl halides is via chloromethylation of the corresponding aromatic pre- 
cursor. Thus, the appropriately substituted benzene ring may be chloromethylated with formaldehyde and hydrochloric 

is acid (HQ) for example with or without an inert solvent such as chloroform, carbon tetrachloride, light petroleum ether 
or acetic acid. A Lewis acid such as zinc chloride (ZnCy or a mineral acid such as phosphoric acid may also be added 
as a catalyst or condensing agent, R. C. Fuson, C. H. McKeever, Pro. Reactions. 1 63 (1942). 

Alternatively, N-benzylimidazoles (3) can also be prepared as shown in path b) by forming an R 6 substituted ami- 
dine (7) from an appropriately substituted benzylamine (4) which is in turn reacted with an a-haloketone, a-hydroxyke- 

20 tone (8), a-haloaldehyde, or a-hydroxyaldehyde, F Kunckell. Egr. 31 637 (1901). 

As shown in path a), imidazole (D may be alkylated by a variety of benzyl derivatives. These include compounds 
with latent acid functionalities such as o, m, and p-cyanobenzylhalides, mesylates or tosylates as shown in path c). 
Nitriles of formula (2) may be hydrolyzed to cartooxylic acids of formula Qfl) by treatment with strong acid or alkali. Pref- 
erably, treatment with a 1 : 1 (v/v) mixture of concentrated aqueous hydrochloric acid/glacial acetic acid at reflux temper- 
as atures for 2-96 hours or by treatment with 1 N sodium hydroxide in an alcohol solvent such as ethanol or ethylene glycol 
for 2-96 hours at temperatures from 20°C to reflux can be used. If another nitrile group is present it will also be hydro- 
lyzed. The nitrite functionality can also be hydrolyzed in two steps by first stirring in sulfuric acid to form the amide fol- 
lowed by hydrolysis with sodium hydroxide or a mineral acid to give the carboxylic acid (lfl). 

The nitriles (9) can be converted into the corresponding tetrazole derivative (H) by a variety of methods using 

30 hydrazoic acid. For example, the nitrile can be heated with sodium azide and ammonium chloride in DMF at tempera- 
tures between 30°C and reflux for 1 -1 0 days, J. P. Hurwitz and A. J. Tomson, J. Pro. Chem.. 26, 3392 (1 961 ). Preferably, 
the tetrazole is prepared by the 1 ,3-dipolar cycloaddition of trialkyltin or triaryltin azides to the appropriately substituted 
nitrile as described in detail by Scheme 15 . 

The starting imidazole compounds (1) are readily available by any of a number of standard methods. For example, 

35 acylaminoketone (5) can be cyclized with ammonia or equivalents thereof, D. Davidson, et at., J. Prg. Chem.. g, 319 
(1937) to the corresponding imidazole as shown in Scheme 1 . The corresponding oxazole can also be converted to imi- 
dazole (D by action of ammonia or amines in general, H. Bredereck, et al., Ber, 88, 1351 (1955); J. W. Cornforth and 
R. H. Cornforth, J. Chem. Soc.. 96, (1947). 

Several alternative routes to imidazoles (t) are illustrated in Scheme 2 . As shown in Scheme 2 equation a), reac- 

40 tion of the appropriate R 6 substituted imidate esters (12) with an appropriately substituted a-hydroxy- or a-haloketone 
or aldehyde (8) in ammonia leads to imidazoles of formula Q), P. Dziuron, and W. Schunack, Archiv. Pharmaz.. 307 and 
470(1974). 

The starting imidazole compounds CD wherein R 7 and R 8 are both hydrogen can be prepared as shown in equation 
b) by reaction of the appropriate R 6 -substituted imidate ester (12) with a-aminoacetaldehyde dimethyl acetal (13). M. 

45 R. Grimmett, Adv. Heterocyclic Chem.. 12, 103 (1970). 

As shown in equation c), imidazole (IS; wherein R 7 = hydrogen and R 8 = CH 2 PH) can be prepared by treatment of 
the imidate ester (12) with 1 ,3-dihydroxyacetone (14) in ammonia by the procedure described in Archive der Phar- 
mazie . 307, 470 (1974). Halogenation of imidazole (15) or any imidazole wherein R 7 or R 8 is hydrogen is preferably 
accomplished by reaction with one to two equivalents of N-halosuccinimide in a polar solvent such as dioxane or 2- 

so methoxyethanol at a temperature of 40-1 00°C for 1-10 hours. Reaction of the halogenated imidazole (1£) with a ben- 
zylhalide (2) in the manner described in Scheme 1 affords the corresponding N-benzylimidazole (17); wherein R 7 is hal- 
ogen and R 8 is CH 2 CH). This procedure is described in U.S. Patent 4,355,040. Alternatively, imidazole QZ) can be 
prepared by the procedure described in U.S. Patent 4,207,324. 

Compounds of formula (17) can also be prepared by treatment of the starting imidazole compound (D wherein R 7 

55 and R 8 are both hydrogen, with the appropriate benzyl halide followed by functionalization of R 7 and R 8 by treatment 
with formaldehyde as described in E. F. Godefroi, et al., Recueil. 91. 1383 (1972) followed by halogenation as was 
described above. 

As shown in equation d) the imidazoles (1) can also be prepared by reaction of R 6 substituted amidines (IS) with 
an a-hydroxy- or a-haloketone or aldehyde (8) as described by F. Kunckel, Bsl, M. 637, (1901). 
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As shown in equation e), preparation of the nitroimidazoles (1 , R 7 or R 8 = N0 2 ) is preferably accomplished by heat- 
ing the appropriate starting imidazole in a 3:1 mixture of cone, sulfuric acid/conc. nitric add at 60-t00°C for 1-6 hours. 
Nitration of the imidazole (15) can be achieved by first converting the hydroxymethylimidazole to the corresponding 
chloromethylimidazole (22) employing thionyl chloride or oxalyl. chloride. Nitration, as described above, followed by 
5 hydrolysis provides the nitroimidazoles (24). 

Imidazoles (21) where R 7 and R 8 = CN can be prepared as shown in equation f) by reaction of R 6 substituted ortho 
esters, ortho acids or aldehydes (followed by oxidation of the aldehyde) with diaminomaleonitrile (20) by the procedure 
described by R. W. Begland et al., J. Pro. Chem. 32, 2341 (1974). Ukewise, R 6 substituted imidate esters (12) also 
react with diaminomaleonitrile to give 4,5 dicyanoimidazoles (21). The nitrite groups can be further elaborated into other 
10 functional groups by methods familiar to one skilled in the art. 

Compounds of formula (1) wherein R 7 = alkyi of 1 -6 (straight or branched), phenyl, phenalkyl where alkyl is 1 -3 car- 
bon atoms, etc. and R 8 = CH 2 OH can be prepared as shown in equation g). The imidazoles (!) were prepared as 
described in L A. Reiter, J. Pro. Chem. . 52, 2714 (1987). Hydroxymethylation of (D as described by U. Kempe, et al. 
in U.S. Patent 4,278,801 provides the hydroxymethylimidazoles (la). 
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Scheme 2 
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Scheme 2 (continued) 
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As shown in Scheme 3. path a) for benzylimidazoles (17) where R 7 = CI and R 8 = CH 2 OH, the hydroxymethyl 
groups may be easily converted to the corresponding halide, mesylate or tosylate by a variety of methods familiar to 
one skilled in the art. Preferably, the alcohol (ID is converted to the chloride (23 with thionyl chloride in an inert solvent 
at temperatures of 20°C to the reflux temperature of the solvent. 
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Chloride (25) may be displaced by a variety of nucleophiles by nucleophilic displacement reaction procedures famil- 
iar to one skilled in the art. For example, excess sodium cyanide in DMSO may be used to form cyanomethyl derivatives 
(2S) at temperatures of 20°C to 100°C. 

Nitrile (26) may be hydrolyzed to an acetic add derivative (2Z), by a variety of methods. These methods include 
5 methods described previously for the hydrolysis of nitriles of formula (g). Examples of desired acids and bases for this 
hydrolysis include mineral acids such as sulfuric acid, hydrochloric acid, and mixtures of either of the above with 30- 
50% acetic acid (when solubility is a problem), and alkali metal hydroxides such as sodium hydroxide or potassium 
hydroxide. The hydrolysis reaction proceeds under heating at temperatures ranging from 50-160°C for 2-48 hours. Car- 
boxylic acid (27) may be esterif ied by a variety of methods without affecting other parts of the molecule. Preferably, (27) 
10 is ref luxed in a hydrochloric acid/methanol solution for 2-48 hours to give ester (2S)- 

Ester (23) may be hydrolyzed to carboxytic acid (2Z). for instance, after R 1 , R 2 and R 3 have been elaborated. Var- 
ious methods, acidic or basic, may be used. For example, compound (28) is stirred with 0.5N potassium hydroxide in 
methanol, or H base soluble, it is stirred in 1 .ON sodium hydroxide for 1-48 h at 20°C to reflux temperatures. 

Hydroxymethyl derivative (1Z) may be acylated to give (22) by a variety of procedures. As shown in path b) acyla- 
15 tion can be achieved with 1-3 equivalents of an acyl halide or an anhydride in a solvent such as diethyl ether, tetrahy- 
drofuran, methylene chloride or the like in the presence of a base such as pyridine or triethylamine. Alternatively (ID 
may be acylated by reaction with a carboxylic acid and dicyclohexylcarbodiimide (DCC) in the presence of a catalytic 
amount of 4-(N,N-dimethylamino)pyridine (DMAP) via the procedure described by A. Hassner, Tet. Lett.. 4£, 4475 
(1978). Treatment of (17) with a solution of carboxylic acid anhydride in pyridine optionally with a catalytic amount of 
20 DMAP at temperatures of 20-100°C for 2-48 hours is the preferred method. 

The ether (3Q) can be prepared from the alcohol (17) as shown in path c) by methods such as treatment of (17) in 
a solvent such as dimethylformamide or dimethylsulfoxide with potassium t-butoxide, sodium hydride, or the like fol- 
lowed by treatment with R 1 1 L at 25°C for 1 -20 hours, where L is a halogen, tosylate or mesylate. 

Alternatively, treatment of (17) with 1-5 equivalents of thionyl chloride in chloroform for 2-6 hours at 25°C followed 
25 by treatment of the intermediate (25) with 1 -3 equivalents of MOR 1 1 , where M is sodium or potassium, for 2-1 0 hours 
at 25°C either in R 11 OH as solvent or in a polar solvent such as dimethylformamide or the like will also yield ether (3Q). 

The ether (30) can also be prepared for example by heating (17) for 3-15 hours at 60-160°C in R 11 OH containing 
an inorganic acid such as hydrochloric acid or sulfuric acid. 

Compound (17) can be dehalogenated to compound (31) preferably by catalytic hydrogenolysis (over an appropri- 
so ate catalyst such as 1 0% palladium on carbon) in methanol at 25°C for 1 -6 hours or by treatment with zinc metal in ace- 
tic acid. 

As shown in Scheme 3. the perfluoroalkytimidazoles (32, R 7 = C v F2v + i) can be prepared from the corresponding 
iodoimidazoles (32) by treament with the appropriate perfluoroalkyl copper reagents [J. Am. Ch$m. $q<?., 1Q& 832 
(1986); J. Fluorine Chem.. 2L 291 (1985); J. Fluorine Chem.. 22, 541 (1983); Tetrahedron, 25, 5921 ; (1969); and ref- 

35 erences cited therein.] Analogously, the pentaf luorophenylimidazoles (33; R 7 = C 6 F 5 ) can be produced by the treatment 
of 32 with pentaf luorophenyl copper [Pro. Svn.. 52. 1 22 (1 980) and references cited therein.] 

N-arylimidazoles of formula I (compounds wherein r=o) can be prepared by the following methods, it being under- 
stood by one skilled in the art that certain manipulations, protecting and deprotecting steps, and other synthetic proce- 
dures disclosed above may be necessary to produce compounds with the desired combinations of R 6 , R 7 , R 8 and R 13 . 

40 As shown in Scheme 4. equation a) the reaction of aniline derivative (34) with imidate ester (12) to form the substi- 
tuted amidine (35) provides material which can be cyclized with dihydroxyacetone to form structure QS). Subsequent 
elaboration into (I) provides the N-aryl imidazole compounds of the invention. 

Alternatively as shown by equation b) the Marckwald procedure, described by Marckwald et al., BfiL 22, 568, 1353 
(1889); Ben, 25, 2354 (1892) can form a 2-mercaptoimidazole (3g) from aniiline derivative (34) via isothiocyanate (3Z). 

45 Desulfurization of (38) with dilute nitric acid followed by anion formaion at the 2-position of the imidazole (39) and reac- 
tion with R 6 X where X is CI, Br, I, allows the formation of (40) which can be subsequently elaborated to I. 

A variation of Marckwald's process as shown in equation c) using an a-aminoketone (41) and isothiocyanate (33 
can also be employed, see Norris and McKee, J Amer. Chem. Soc. 7, 1056 (1955) can also be employed. Intermediate 
(42) can be converted to (I) by known sequences. The general procedure of Carboni et al., J. Amer. Chem. Soc. 89, 

so 2626 (1967) (illustrated by equation d)) can also be used to prepare N-aryl substituted imidazoles from appropriate 
haloaromatic compounds (43; X=F, CI, Br) and imidazoles (1): 
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Scheme 4 
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In various synthetic routes R 1 , R 2 and R 3 do not necessarily remain the same from the starting compound to the 
final products, but are often manipulated through known reactions in the intermediate steps as shown in Schemes 5* 
22. All of the transformations shown in Schemes 5-10 and 1£ can also be carried out on the terminal aromatic ring (i.e., 
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biphenyl ring). 
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Scheme 5 
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As shown in Scheme 5. compounds where R 1 is a sulfonic acid group may be prepared by oxidation of the corre- 
sponding thiol (45). Thus, an N-benzylimidazole derivative bearing a thiol group may be converted into a sulfonic acid 
25 (4§) by the action of hydrogen peroxide, peroxyacids such as metachloroperoxybenzoic acid, potassium permanganate 
or by a variety of other oxidizing agents, E. E. Reid, Organic Chemistry of Bivalent Sulfur. 1 Chemical Publishing Co.. 
New York, 120-121 (1958). 

Aromatic hydroxy or thiol groups are obtained from deprotection of the corresponding alkyl ether or thioethers. 
Thus, for example, a methyl ether or a methyl thioether derivative (44) of an N-benzylimidazole containing one or more 
30 aromatic rings may be converted into the free phenol or thiophenol (4§) by the action of boron tribromide methyl sulfide, 
P. G. Willard and C. F. Fryhle, Tet. Lett.. 21 3731 (1980); trimethylsilyl iodide, M. E. Jung and M. A Lyster, i Pro. 
Chem.. 42, 3761 (1977); KSEt and derivatives thereof, G. I. Feutrill, R. N. Mirrington, Tet. Lett.. 1327, (1970), and a vari- 
ety of other reagents. 

Alternatively, N-benzylimidazoles may be sulfonated by stirring with H 2 S0 4 at a variety of different concentrations 
35 or with other sulfonating agents such as chlorosulfonic acid or sulfur trioxide with or without complexing agents such as 
dioxane or pyridine at temperatures from 0 to 200°C with or without solvent, K. LeRoi Nelson in Friedel-Crafts and 
Related Reactions. HI part 2, G. A. Olah, ed., Interscience Publ., 1355 (1964). 

The synthesis of compounds where R 1 is a sulfate, phosphate or phosphonic acid are depicted in Scheme 6 : 
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Scheme 6 
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Scheme 6 (continued) 






N-Benzylimidazoles containing a phenolic hydroxy] group (47) may be readily converted into the corresponding sul- 
fate (48) or phosphate (49) . As shown in equation a), reaction of the phenol with a sulfur trioxide-amine complex will 
give the corresponding sulfate (48), E. E. Gilbert. Sulfonation and Related Reactions. Interscience. New York, chapter 
6 (1965). Reaction of the phenol (43 with phosphorus pentachloride followed by hydrolysis will give the corresponding 
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phosphate (43), G. M. Kosolapoff, Orpanoohosphorus Compounds. John Wiley. New York, 235 (1950). 

As shown in equation b) N-benzylimidazoles may be converted into the corresponding phosphonic acids by reac- 
tion with phosphorus trichloride (PCI 3 ) and aluminum chloride (AICI 3 ) in an inert solvent for 0.5-96 hours from temper- 
atures of 25°C to the reflux temperatures of the solvent. Appropriate workup followed by reaction with chlorine (Cy and 

5 subsequent hydrolysis of the tetrachloride (5D gives the phosphonic acid derivative (52), G. M. Kosolapoff in Qr& 
Reactions. §, R. Adams, editor, John Wiley and Sons, New York, 297 (1951). Another more direct route involves reac- 
tion of the N-benzylimidazole with PSCI 3 and AICI 3 followed by hydrolysis, R. S. Edmunson in Comprehensive Organic 
Chemistry. Vol. 2, D. Barton and W. D. Ollis editors, Pergamon Press, New York, 1285 (1979). 

Alternatively, equation c) illustrates that aryl phosphonic acids (52) may be formed from reaction of the correspond- 

10 ing diazonium salt (53) with PCI 3 in the presence of Cu(l) followed by hydrolysis with water (ibid, p. 1 286). 

As shown in equation d), the aryl halides (55) may be photolyzed in the presence of phosphite esters to give phos- 
phonate esters (55), R. Kluger, J. L W. Chan, J. Am. Chem. Soc. 95, 2362, (1973). These same aryl halides also react 
with phosphite esters in the presence of nickel or palladium salts to give phosphonate esters, P. Tavs, Chem. Ber.. 1fl& 
2428 (1970), which can be subsequently converted to phosphonic acids (52) by procedures known to one skilled in the 

15 art. 

N-Benzylimidazoles containing an aldehyde or ketone (5Z) may be reacted with a phosphorus trihalide followed by 
water hydrolysis to give a-hydroxyphosphonic acid derivatives, G.M. Kosolapoff, op. cit. 304, as shown in Scheme 7. 

■ 

Scheme 7 




Compounds where R 1 is -CONHOR 12 may be prepared as shown in Scheme 8 . by the treatment of a carboxylic 
acid (10) with 1-4 equivalents of thionyl chloride for 1-10 hours. This reaction can be run without solvent or in a nonre- 
active solvent such as benzene or chloroform at temperatures of 25-65°C. The intermediate acid chloride is then treated 
with 2-10 equivalents of the appropriate amine derivative, H 2 NOR 12 , for 2-18 hours at temperatures of 25-80°C in a 
45 polar aprotic solvent such as tetrahydrofuran or dimethylsulfoxide to give the hydroxamic acid (53). 
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Scheme 8 




Alternatively, the carboxylic acid (Ifl) can be converted to the hydraxamic acid (5§) according to the procedure in 
J. Med. Chem.. 2& 1158 (1985) by employing dicyclohexylcarbodiimide, 1-hydroxybenzotriazole, and H 2 NOR 12 or 
according to the procedure described in Synthesis. 929 (1985) employing the Vilsmeier reagent and H 2 NOR 12 . 

Compounds where R 1 is -CONHSC^Ar (59a. Ar=phenyl, o-tolyl, etc.) may be produced by treatment of the inter- 
mediate acid chlorides from the preparation of the hydraxamic acids (59), with ArS0 2 NHNa. Alternatively, these acyl- 
sulfonamides (59a) can be prepared from the carboxylic acids QQ) through the corresponding N.N-diphenylcarbamoyl 
anhydrides (10a) as described by F. J. Brown, et al. in Eur. Pat. Appl. EP 199543 (see Scheme 8) . 
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Scheme 9 




35 

Aniline intermediates (§3) are disclosed in U.S. Patent No. 4,355,040 and may be obtained from the corresponding 
nitro compound precursor by reduction. A variety of reduction procedures may be used such as iron/acetic acid, D. C. 
Owsley, J. J. Bloomfield, Synthesis. 118, (1977), stannous chloride, F. D. Bellamy, Tet. Lett.. 839, (1984) or careful 
hydrogenation over a metal catalyst such as palladium. 

40 As shown in Scheme 9. aniline intermediates of N-benzylimidazoles may also be prepared from the corresponding 
carboxylic acid (10) or acid chloride via a Curtius rearrangement of an intermediate acyl azide (6Q). More modern meth- 
ods include using diphenylphosphoryt azide as a source of azide, T. Shioiri, K. Ninomiya, S. Yamada, J. Am. Chem. 
Soc.. 24, 6203 (1972), and trapping the intermediate isocyanate (SD produced by the Curtius rearrangement with 2- 
trimethylsilylethanol and cleaving the resultant carbamate (62) with fluoride to liberate the amine (63), T. L. Capson and 

45 C. D. Poulter, Tet. Lett.. 25, 3515 (1984). Classical procedures familiar to one skilled in the art may also be employed. 
Compounds where R 1 is -S0 2 NH 2 may be made as shown in Scheme 1Q: 
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Scheme 10 
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Sulfonamide compounds (65) may be made by reacting an arylsulfonyl chloride (£4) with ammonia, or its equiva- 
lent. Unsubstituted arylsulfonamides are made by reaction with ammonia in aqueous solution or in an inert organic sol- 
25 vent. F. H. Bergheim and W. Braker. J. Am. Chem. Soc.. 66. 1459 (1944), or with dry powdered ammonium carbonate, 
E. H. Huntress and J. S. Autenrieth, J. Am. Chem. Soc. 63. 3446 (1941); E. H. Huntress and F. H. Carten, J. Am. Chem. 
Soc, 62, 511 (1940). 

The sulfonyl chloride precursor may be prepared by chlorosuffonation with chlorosulfonic acid on the aromatic ring 
directly, E. H. Huntress and F. H. Carten, jbid ; E. E. Gilbert, op. cit. 84, or by reacting the corresponding aromatic dia- 
30 zonium chloride salt (§3) with sulfur dioxide in the presence of a copper catalyst, H. Meerwein, et al., J. Prakt. Chem.. 
[ii], 152, 251 (1939), or by reacting the aromatic sulfonic acid (46) with PCI 5 or POCI 3 , C. M. Suter, The Organic Chem- 
istry of Sulfur. John Wiley, 459 (1948). 

Linked ester compounds of formula (I) where R 1 is 

35 Q 

-C0 2 CB(R 24 )0CR 21 

40 can be made by procedures well known in penicillin and cephalosporin chemistry. The purpose is to provide materials 
which are more lipophilic and which will be useful orally by rapid transit from the gut into the bloodstream, and which 
will then cleave at a sufficiently rapid rate to provide therapeutically useful concentrations of the active carboxylic acid 
form. The following review articles and references cited therein discuss this concept and the chemistry involved in pre- 
paring such compounds V. J. Stella, et al., Drugs. 29, 455-473 (1985); H. Ferres, Drugs of Today. 19 (9), 499-538 

45 (1983); A. A. Sirkula, Ann. Reots. Med. Chem.. Ifl, 306-315 (1975). 

Experimental procedures which are applicable to the preparation of chemically stable linked esters are illustrated 
by equations a-e of Scheme 11 . 
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(a) RC0 2 Na ♦ (CH 3 > 3 CC0 2 CH 2 Br — > RC0 2 CH 2 OCOC(CH 3 ) 3 

10 «* 



G. Francheschi et al.. ?- Antibiotics. 26_. (7). 

10 938-941 (1983). 

(b) RC0 2 ♦ (CH 3 ) 2 NC0N(CH 3 ) 2 ♦ C1CHOCOC(CH 3 >3 



e ♦ C1CI 



CH 3 
I 

RC0 2 CHOCOC(CH 3 > 3 
87 

^^^^^^ 

j. Budavin. U.S. Patent 4.440.942 

R*« 

(c) RC0 2 H > RC0 2 CH-OCOCHCH 2 C0 2 CH 3 

NH 2 

B. Daehne et al.. C.B. Patent 1.290.787 

R*« 

(fl) RC0 2 H > RC0 2 CHCONF« R 23 

40 69^ 

Ferres. Chenwjfii- • 435-440 (1980) 



(e) R-C0 2 H 
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Clayton et al. f Antimicrob. Agents Chemotherapy , 
5, (6), 870-671 (1974) 



In equations a-e: R= 




Compounds of Formula I where R 1 is -C(CF 3 )20H may be prepared as shown in Scheme 12 . 

Scheme 12 




Hexafluoroisopropanol compounds (72) may be prepared by treatment of arylsilane (71) with 1-5 equivalents of 
hexaf luoroacetone in a solvent such as methylene chloride at temperatures ranging from about -50° to 25°C for a period 
of 2-10 hours. The requisite arylsilane (71) can be prepared using methods known to one skilled in the art such as the 
procedures described in Chapter 10 of Butterworth's "Silicon in Organic Chemistry". 
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Scheme 13 




As shown in Scheme 13. compound (23) in which X= -NHCO and R 13 = -COOH may be easily prepared, for exam- 
ple, by reacting aniline precursor (63) with a phthalic anhydride derivative in an appropriate solvent such as benzene, 
chloroform, ethyl acetate, etc. Often the carboxylic acid product will precipitate from solution with the reactants remain- 
ing behind, M.L Sherrill, RL Schaeffer, E.R Shoyer, J, Am, Chem. S0C„ 50. 474 (1928). 
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When R 13 =NHS0 2 CH 3 , NHS0 2 CF 3 or tetrazolyi (or a variety of other carboxylic acid equivalents), compound (73) 
may be obtained by reacting aniline (63) with the requisite acid chloride by either a Schotten-Baumann procedure, or 
simply stirring in a solvent such as methylene chloride in the presence of a base such as sodium bicarbonate, pyridine, 
or triethylamine. 

5 Likewise, aniline (§3) may be coupled with an appropriate carboxylic acid via a variety of amide or peptide bond 
forming reactions such as DCC coupling, azide coupling, mixed anhydride synthesis, or any other coupling procedure 
familiar to one skilled in the art 

Aniline derivatives (62) will undergo reductive amination with aldehydes and ketones to form secondary amines 
(74) . Thus the aniline is first stirred with the carbonyl compound in the presence of a dehydration catalyst such as 
10 molecular sieves or p-toluenesulfbnic acid. Afterwards the resultant imine is reduced to the amine with a borohydride 
reducing agent such as sodium cyanoborohydride or sodium borohydride. Standard catalytic hydrogenation reagents 
such as hydrogen and palladium/carbon can also be employed. 

Alternatively, aniline (S3) may be monoalkytated by reaction with ethyl formate followed by reduction with, for exam- 
ple, lithium aluminum hydride to produce the N-methyl derivative (74). Anilines (24) may in turn be reacted with carbox- 
15 ylic acid anhydrides and acid chlorides or carboxylic acids by any of the coupling procedures described previously to 
yield (Z3) where X= -N(CH 3 )CO-. 

Aniline (63) or (74) or other intermediate anilines where the amino group may be located on another aromatic ring 
for example, also react with other anhydrides to make amkJe-carboxylic acid derivatives of formula (75) . Thus, for exam- 
ple, maleic anhydride, 2,3-naphthalenedicarboxylic acid anhydride, and diphenic anhydride are reacted in a similar 
20 fashion to phthalic anhydride with aniline (S3) or (74) to yield carboxylic acids (7§), (77), and (78) . respectively. 

Phthalimide derivatives of aniline (S3) may be made by a variety of methods, preferably by stirring aniline (S3) with 
phthalic anhydride in acetic acid at a temperature between 20°C and reflux, G. Wanag, A. Veinbergs, Ber.. 75. 1558 
(1942), or by stirring (63) with phthaloyl chloride, a base such as triethylamine, and an inert solvent. 

Aniline (S3) may be converted into its trifluoromethanesulfonamide derivative or its trrfluoroacetamido derivative 
25 preferably by reacting it with trrf lie anhydride or trifluoroacetic anhydride and a base such as triethylamine in an inert 
solvent such as methylene chloride at -78°C followed by warming to room temperature. 

Compounds of structure (I) where X is a carbon-carbon linkage which are depicted as (80) can be made as shown 
in Scheme 14 . 
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Scheme 14 

Y-Cl, Br, OTs, oHs 
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Scheme 14 (continued) 

e) 




Equation a) illustrates that the biphenyl compounds (SO} can be prepared by alkylation of imidazole (1) with the 
appropriate halomethylbiphenyl compound (79) by the general procedure described in Scheme 1 . 

The requisite halomethylbiphenyl intermediates (79) are prepared by Ullman Coupling of (g1) and (§2) as 
described in "Organic Reactions", 2, 6 (1944) to provide intermediates (83), which are in turn halogenated. Halogena- 
tion can be accomplished by refluxing (83) in an inert solvent such as carbon tetrachloride for 1-6 hours in the presence 
of a N-halosuccinimide and an initiator such as azobisisobutyronrtrile (equation b). 

As shown in equation c), derivatives of intermediate (83) in which R 13 is at the 2' position (83a) can also be pre- 
pared by the method described in i Org. Chem.. 4L 1320 (1976). that is Diels- Alder addition of a 1 ,3-butadiene to a 
styrene (84) followed by aromatization of intermediate (85) . 

Alternatively, the substituted biphenyl precursors (*& where R 13 = COOH) and their esters (89) can be prepared 
as illustrated in equation d), which involves oxazoline compounds as key intermediates, A. I. Meyers and E. D. Mihelich, 
i Am. Chem. Soc.. QL 7383 (1975). 

Further, as shown in Equation e), nickel-catalyzed cross-coupling of an arylzinc halide with a halobenzonrtrile 
yields a biphenytnrtrile which can in turn be hydrolyzed by standard methods to afford acid 88. 

The substituted biphenyl tetrazoles (83; where R 13 = 




can be prepared from the nitrile precursors (R 1,5 =CN) by the methods described in Scheme 1 . equation c) and Scheme 
15. equation c). 

However, a preferred method for preparing tetrazoles is described in Scheme 1 5. equations a) and b). Compounds 
(9Q) may be prepared by the 1 ,3-dipolar cycloaddition of trialkyttin or triphenyitin azides to the appropriately substituted 
nitrile (83) as in equation a). Alky! is defined as normal alkyl of 1-6 carbon atoms and cyclohexyl. An example of this 
technique is described by S. Kbzima, et al.. J. Oroanometallic Chemistry. 337 (1971). The required trialkyl or triaryrtin 
azides are made from the requisite commercial trialkyl or triaryl tin chloride and sodium azide. "Rie trialkyl or triaryrtin 
group is removed via acidic or basic hydrolysis and the tetrazole can be protected with the trrtyl group by reaction with 
trrtyl chloride and triethytamine to give (91V Bromination as previously described herein with N-bromosuccinimide and 
dibenzoylperoxide affords compound (92). Alkylation of (1) with the appropriately substituted benzyl halide using con- 
ditions previously described followed by deprotection of the trrtyl group via hydrolysis afford (SQj R 13 = tetrazole). Other 
protecting groups such as p-nitrobenzyl and 1 -ethoxyethyl can be used instead of the trityl group to protect the tetrazole 
moiety. These groups as well as the trityl group can be introduced and removed by procedures described in Greene, 
Protective Groups in Organic Synthesis. Wiley- Interscience, (1980). 
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Scheme 15 
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Scheme IS (continued) 





Compounds of structure 93-95 where X is an -0-, -S-, or 

-N- 
126 



linkage can be prepared as shown in Scheme 16 by alkytation of imidazole (1) with the appropriate benzyl halide (96). 
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Scheme 16 
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The halomethyldiphenyl ether (109) employed as an alkylating agent in the present invention is prepared as shown 
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in equation b). An Ullman ether condensation of the phenol (92) and a halobenzoic acid as described in Russian Chem- 
ical Reviews. 4& 679 (1974) provides the intermediate acid (101) . The conversion of (101) . into (109) is accomplished 
by esterif ication with diazomethane to afford (105) followed by halogenation employing the procedure used in the prep- 
aration of (79). The diphenylsurf ide (110) and the diphenylamine (111) can be prepared from the appropriate thiophenol 
(98) or aniline (99) by this procedure. 

The tertiary diphenylamine (112) can be prepared from the secondary aniline (100) by the above procedure. Alter- 
natively (107) can be alkylated by one of the following procedures: 1) direct alkylation of (107) with R 26 L where L is a 
leaving group such as halogen or tosylate employing phase-transfer conditions and ultrasound as described in Tetrahe- 
dron Letters. 24, 5907 (1983), 2) treatment of (107) with 1-1.5 equivalents of an appropriate aldehyde and 0.5-5.0 
equivalents of sodium cyanoborohydride in a solvent such as methanol at 25°C at a pH of 3-6 for 1-24 hours, or 3) 
reductive amination of (107) employing an appropriate carboxylic acid and sodium borohydride as described in *L Am. 
Chem. Soc. 96, 7812 (1974). The tertiary amine (108) is then halogenated by the procedure previously described to 
give (112). 

Scheme 17 



I 




Compounds of structure (23) where X is -CO- are prepared as shown in Scheme 17 by alkylation of imidazole (1} 
with the requisite benzoylbenzyl halides. For example, esters (113) where R 13 is 2-C0 2 CH 3 are prepared by alkylation 
of imidazole (1} with carbomethoxybenzoyl benzyl halide (114) . Ester (113) may be hydrolyzed to the corresponding 
carboxylic acid (116) by a variety of methods including hydrolysis with a base such as sodium hydroxide or potassium 
hydroxide in an alcoholic aqueous solvent such as methanol/H 2 0 at a temperature from 20°C to the reflux temperature 
of the solvent. 

Carboalkoxybenzoylbenzyi halides (114) are prepared by benzylic halogenation of the corresponding toluoylben- 
zene precursor by a variety of methods previously described herein. For example, methyl 2-(4-methylbenzoyl)benzoate 
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(115) can be ref luxed for 2-48 hours with N-bromosuctinimide, benzoyl peroxide and carbon tetrachloride to effect ben- 
zylic bromination. 



Scheme 18 

5 




As shown in Scheme 18 the toluoyl ketones (73; where X=CO) may be further transformed into a variety of ketone 
derivatives including compounds where X is 
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Reaction of Ketone (73a) with a hydroxytamine or an appropriately substituted hydrazine will give the requisite oximes 
w (117) and hydrazones (118) . Reaction with aJcohols in the presence of an acidic catalyst with removal of water will give 
ketals (119) . Reduction, with lithium aluminum hydride, a metai borohydride, zinc/acetic acid or catalytic hydrogenation 
will give the corresponding alcohol (120) or fully reduced methylene compound (121) . These alcohols may be acylated 
by a variety of anhydrides or acid halides in the presence of a base with or without solvent to give the corresponding 
esters (122). The alcohols U2Q) may be converted into their corresponding ethers (123) by reaction of the metal alkox- 
is ide with an alkyl halide, mesylate or tosylate in the appropriate solvent or by treatment with a mineral acid in an alcoholic 
solvent, or by reaction of the alcohol with diazomethane as described in G. Hilgetag and A. Martini, "Preparative 
Organic Chemistry", John Wiley, New York, 355-368 (1972). 

Compounds of formula (I) where X is -OCH 2 -, -SCH 2 -, and -NHCH 2 - are prepared as shown in Scheme 19 . 
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Scheme 19 




As illustrated in Scheme 19. equation a, hydrolysis of benzyl ether Q24) or methyl ether (123 affords hydroxy com- 
pound (126) which can alkylated with the appropriate benzyl halide to give (12Z). In the case of the methyl ethers (125), 
the hydrolysis step can be effected by heating the ether at temperatures of 50°-1 50°C fori -1 0 hours in 20-60% hydro- 
55 bromic acid, or heating at 50°-90°C in acetonrtrile with 1-5 equivalents of trimethylsilyl iodide for 10-50 hours followed 
by treatment with water. Hydrolysis can also be carried out by treatment with 1 -2 equivalents of boron tribromide in 
methylene chloride at 10°-30°C for 1-10 hours followed by treatment with water, or by treatment with an acid such as 
aluminum chloride and 3-30 equivalents of a surfur-containing compound such as thiophenol, ethanedithiol, or dimethyl 
disulfide in methylene chloride at 0-30°C for 1-20 hours followed by treatment with water. For compound (124). hydrol- 
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ysis can be accomplished by refluxing in trrfluoroacetic acid for 0.2-1 hours or by catalytic hydrogenolysis in the pres- 
ence of a suitable catalyst such as 10% palladium on carton. Deprotonation of (126) with a base, such as sodium 
methoxide, sodium hydride or the like in a solvent such as dimethyfformamide or dimethylsulfoxide at room temperature 
followed by alkylation with an appropriate benzyl halide at 25°C for 2-20 hours affords ethers of formula (127) . as shown 
5 in equation a. 

The sulfide (129) can be prepared from the thiophenol (45) by the procedure described above to prepare the ether 
(127) from the phenol (126) . The thiophenol (45) can be prepared for exanple by treatment of the benzylsulf ide (128) 
with sodium in liquid ammonia. 

The amine (130) can be prepared as shown in equation c, from the aniline (63). itself available from reduction of 
10 the corresponding p-nitro compound (3a) which has previously been described. The reductive amination can be carried 
out by the same procedure as described in Scheme 13 for the preparation of compound (74). 

Compounds of Formula (I) where the X linkage is -CH=CH-, -CH 2 CH 2 -, and 

A 

are prepared as shown in Scheme 20 . 

20 

Scheme 20 




The ds or trans stilbene (132) can be obtained by employing a Wittig reaction between the aldehyde (5Z) and the 
phosphorane (131) . 
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The stilbene (132) can readily be converted to the saturated derivative (133) for example by catalytic hydrogenation 
employing a heterogeneous catalyst such as palladium/carbon or platinum/carbon or alternatively with a homogeneous 
catalyst such as tristriphenylphosphine rhodium chloride. The reduction is performed in a solvent such as benzene, tet- 
rahydrofuran or ethanol at 25°C under 1-3 atmospheres of hydrogen for 1-24 hours. 

5 The cyclopropane (134) can be prepared by treating the stilbene (132) with the Simmons-Smith reagent as 
described in J. Am. Chem. Soc.. 81, 4256 (1959), or by treating (132) with methylene diiodkJe and copper powder as 
described in J. Am. Chem. Soc. 101. 2139 (1979), or by treatment with the iron-containing methylene-transfer reagent 
described in J. Am. Chem. Soc.. 1£L 6473 (1979). 

The preparation of compounds of formula (0 where X is -CF 2 CH 2 -, -CF-CH-, -CH=CF-, -CF=CF- and CF 2 CF 2 - are 

10 depicted in Scheme 21 . 

Scheme 21 
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Vlnylene fluorides ( 137) and (140) can be prepared by reaction of SF 4 or Et 2 NSF 3 (DAST) with the appropriate 
ketone (135) or (138) in which Ar bears a methyl group convertible to a benzylic halide suitable for attachment to an 
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imidazole nitrogen, and Ar* bears a cyano, nrtro, ester, or other suitable group which can be subsequently converted to 
C0 2 H, NHS0 2 CF 3 , etc. The initially formed dif luoroethylene (136) and (139) can be formed in a non-polar solvent such 
as methylene chloride and subsequently converted to the vinylene fluoride by means of alumina, or converted directly 
into the unsaturated fluoride by running the reaction in a polar solvent such as tetrahydrofuran, diglyme or N-methylpyr- 
5 rolidone in the presence of mineral acid. [Equations a and b]. Experimental details of such procedures are found in D. 
R. Strobach and GA Boswell, J. Org. Chem.. 36, 818 (1971); GA Boswell, U.S. Patents 3,413,321 (1968) and 
4,212,515(1980). 

As shown in equation fi) an appropriate benzoin (141) may be similarly converted to the corresponding 1 ,2-drfluor- 
ostilbene (143) . Likewise as shown in equation d) an appropriate benzil (144) can be converted to a tetraf luorodiaryleth- 
10 ylene (145) using DAST or SF 4 . Experimental details are described in M.E. Christy, et al., J. Med. Chem.. 20, (3). 421 - 
430, (1977). 

Compounds of formula 1 where X = 
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-CH 2 0-, -CH 2 S-, -CH 2 NH-, can be made as shown in Scheme 22 . 
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Scheme 22 
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As previously described, acid (10) can be made by alkylating the appropriate imidazole with methyl 4-chlorometh- 
50 ylbenzoate in the presence of a base such as potassium carbonate in a polar solvent such as dimethylformamide fol- 
lowed by hydrolysis of the resulting ester. Compound (Ifl) can be converted to (148) by reaction with the requisite amine 
( 146) (R 13 may need to be protected and subsequently deprotected) and dicyclohexyl carbodiimide (DCC) in methylene 
chloride [J. R. Beek, et al., J. Am. Chem. Soc. 92, 4706 (1 968)] or by reaction with tosyl chloride in pyridine [J. H. Brews- 
ter and C. J. Ciotti, Jr., J, Am. Chem. Soc.. 77, 6214 (1955)]. Yet another process involves conversion of carboxylic acid 
55 (Ifl) to its acid chloride with, for example, thionyl chloride followed by reaction with the amine in aqueous base (Schot- 
ten-Baumann conditions) or in an organic solvent in the presence of an acid scavenger such as NaHC0 3 , pyridine or 
triethylamine, or by other procedures known to form an amide bond between an aromatic acid and an amine. 

The compounds where X= -CH 2 0-, -CH 2 S-, and -CH 2 NH 2 - can be made as shown in pathway b- The ester (149) 
is reduced with a reducing agent such as lithium aluminum hydride in an inert solvent to form the alcohol (15Q) which 
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can then be reacted with tosyl chloride in pyridine to form tosytate (151) . which is in turn reacted in the presence of base 
with a corresponding phenol (152) thiophenol (153), or aniline where R 23 =H) to form compounds (154) . ( 155) or 
(156) . Again this may require that R 13 be protected with a suitable protecting group, however modifications necessary 
because of specific functional groups are understood to be incorporated by one skilled in the art of organic synthesis. 

5 Alternatively, the alcohol (150) can be converted to the corresponding halide with SOCI 2 , (COCI) 2 , etc, and the 
resulting halide can then be reacted with a phenol, thophenol or aniline in the presence of base to form the desired com- 
pound, where X is -CH2O-, -CH 2 S-, -CH 2 NH- respectively. 

Scheme 23 
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Compounds of Formula (I) where X= -S0 2 NR 23 - and -NR 23 S0 2 - may be prepared as shown in Scheme 2& As 
shown in equation a, sulfonylchloride derivative (157) can be reacted with aniline derivative (158) in a solvent in the 
55 presence of an acid scavenger such as sodium bicarbonate, triethylamine or pyridine or under Schotten-Baumann like 
conditions to give (159) . Sulfonylchloride derivative (157) can be obtained by sulfonation of the corresponding benzyl 
derivative as described earlier, followed by reaction with PCI 5 or POCI 3 . Likewise, aniline (74) may be reacted in the 
same manner as described above with sulfonylchloride derivative (160) to give (161) . 

Scheme 24 shows the preparation of furan analogs of the biphenyl compounds (80). Thus, a-ketoester (162) . W. 
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Wierenga and H. I. Skulnick, J. Org. Chem.. 44 310 (1979), or the corresponding nitril (E=CN) can be easily alkylated 
via standard procedures already mentioned by an alkyl bromide derivative to give (153). The alkene moiety of (163) can 
be subsequently cleaved by oxidation, for example, with osmium tetroxide, Fieser and Fieser, V.1, p. 812 (Lemieux- 
Johnson oxidation) to yield dicarbonyl-containing compound (164) . Cyclization in mineral acids, acidic ion-exchange 
resin, POCI^yridine, or trif luoroacetic anhydride with a catalytic amount of trif luoroacetic acid yields furan (165; Z=0). 
Reaction of (164) with P 4 S 10 . for example, will yield the corresponding thiophene (155; Z=S). Reaction of QJS4) with an 
amine in refluxing benzene, with azeotropic removal of water or by using molecular sieves to absorb the water will yield 
the corresponding pyrrole (155; Z=NR 11 ). Compounds (166) may be prepared from (165) by standard procedures 
already described. 
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Compounds wherein a methylene group is inserted between the terminal aromatic ring and the acidic functionality 
may be prepared as shown in Scheme 25. equation a). Thus reduction of ester (167) with, for example, lithium alumi- 
num hydride, gives alcohol (168) . Conversion of ( 168) to the chloride (169) via thionyl chloride followed by reaction with 
cyanide anion as previously described yields nitrile (170) . Compound (170) may be hydrolyzed to carooxylic add (171) 
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by methods already described or reacted with a hydrazoic acid equivalent to produce tetrazole M72) . 

Compounds wherein R 13 is a trrf luoromethylsulfonyl hydrazide acidic functional group were prepared by the proce 
dure described in equation b). That is. conversion of ester (167) to the hydrazide (173) by standard hydrazinolysis fol 
towed by reaction with triflic anhydride affords hydrazides (174) . 



Scheme 25 
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The syntheses of compounds wherein R 13 is substituted and unsubstituted 1,2,3-triazoles are described in 
Scheme 26. Thus reduction of ester (175) with a reducing agent such as lithium aluminum hydride or diisobutylalumi- 
num hydride gives alcohol ( 176) . Oxidation with MnC>2 or pyridinium chlorochromate converts (176) into aldehyde (177) . 
Nitroethylene derivative (178) is prepared by condensation of aldehyde (177) with nitromethane in the presence of a 
catalyst. R. M. Letcher and M. R Sammes, J. Chem. Ed.. 62. 262 (1 985). Reaction of (178) with sodium azide produces 
the 1 ,2,3-triazole (179) . (N. S. Zefirov, et al., sL Chem. Soc. Chem. Comm.. 1001 (1971)) which may be transformed via 
procedures already described into product (180) , 

Aldehyde (177) can also be converted into substituted, 1,2,3-triazoles (183) via the surfone (181) . G. Beck, D. 
GOnther Chem. Ber. , 106. 2758 (1973). followed by reaction with sodium azide to give the 1 ,2,3-triazole (182) . Subse- 
quent standard manipulations lead to 1,2,3-triazoles (183) where E=CN and C0 2 R 11 . The nitrotriazole ( 183: E=N0 2 ) 
may be synthesized from the unprotected triazole (179: P=H) via nitration. R. Huttel, et al., Chem. Ber. , 88, 1586 
(1955), C. L Habraken and P. Cohen-Fernandes J. Chem. Soc . 37 (1972), or from bromonrtroethylene derivative (184), 
G. Kh. Khisamutdinov, et al.. Zh. Org. Khim.. 11. 2445 (1975), by reaction with sodium azide. 

A variety of protecting groups may be used in the manipulation of the above triazoles, amongst which is the trityl 
group. This group may be easily attached by reaction of the triazole with triphenylmethy! bromide or chloride in an inert 
solvent such as methylene chloride in the presence of an acid scavenger such as triethyl amine. The trityl group may 
be later removed by stirring pr refluxing in an acidic medium such as trrfluoroacetic acid/water, HCI in methylene chlo- 
ride, or acetic acid/water. The trityl group may also be hydrogenolyzed using a noble metal catalyst such as palladium 
and hydrogen. 
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Scheme 26 




The synthesis of trrt luoromethyl-1 ,2,4-triazoles (1^) is depicted in Scheme 27. Acid chloride (18g) is converted to 
amide (187) using standard procedures familiar to one skilled in the art. A preferred protecting group is the 2-propioni- 
trile group (P=CH 2 CH 2 CN). Thus (1BZ; P=CH 2 CH 2 CN) can be synthesized from (Ifig) and p-aminopropionitrile under 
Schotten-Baumann like conditions, using aqueous base in an organic solvent to help solubilize (Ififi) and (J3Z). Amide 
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(187) is converted to amidrazone (188) by reaction with PCI 5 or phosgene to make an iminoyl chloride which then in 
turn is reacted with excess hydrazine. Amidrazone (188) is cyclized to the trifluoromethyl-1,2,4-triazole (189) with trif- 
luoroacetic anhydride and then converted to 190 via bromination, alkytation and deprotection as previously described. 

Scheme 27 




3 



Pertinent R 6 groups may be variously introduced by many procedures including those described in Scheme 28 
which describes imidazole construction. 

The R 6 groups so introduced may stand unchanged or may be further elaborated if appropriately functionalized, 
according to methods familiar to those skilled in the art such as are illustrated in Scheme 28 . 



48 



EP 0 324 377 B1 



Scheme 28 
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The 2-alkenylimidazoles (201) can be prepared by bromination of the 2-alkylimidazoles (129) followed by elimina- 
tion of hydrogen bromide. The bromiation is preferably accomplished by UV-irradiation for 1-4 hours of imadazole (139) 
and N-bromosuccinimide, in an inert solvent, such as carbon tetrachloride at 25°C. Treatment of the intermediate bro- 
mide (200) with a base, such as DBU, triethylamine, or potassium t-butoxide, affords the trans 2-alkenylimidazoles 
50 (201) . Cis alkenyl derivatives (203) are prepared from the trans alkenyl compounds by treatment with osmium tetroxide 
and sodium periodate to afford aldehydes (202) followed by Wittig reaction. 
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Scheme 29 




R - Allcyl, cycloalkyl 



Alternatively, Fr groups may be introduced by metailation of a protected imidazole or protected 2-methylimidazole 
followed by addition of an appropriate electrophile as illustrated in Scheme 30. equations a) and fe). The products (alco- 
hols, esters, halides, aldehydes, alkyls) are suitable for further elaboration by methods familiar to those skilled in the art. 
Metailation of imidazoles is described in K.L Kirk, J. Org. Chem.. 43. 4381 (1978); R.J. Sundberg, J. Het. Chem.. 14. 
517 (1977); J.V. Hay et al., J. Org. Chem.. 36, 4379 (1973); B. Iddon, Heterocvcles. 2& 417 (1985). 

Condensation of 2-methylimidazole and appropriate electrophiles (equation b) with catalytic acid or base as 
described in A.R. Katritzky (Ed.), "Comprehensive Heterocyclic Chemistry", Vol. 5. p. 431, Pergamon Press. N.Y, 1984 
affords products wherein R 6 is alkenyl which are suitable for further elaboration. 
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Scheme 30 
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Various 2-substituted imidazoles can be prepared by reaction of a protected 2-trimethylsilylimidazole with a suitable 
electrophile by the method described by F.H. Plnkerton and S.R Thames, J. Het. Chem.. 9, 67 (1972), which can be 
further elaborated as desired. Alternatively, R 6 may also be introduced by nickel catalyzed cross-coupling of Grignard 
reagents with 2-(methytthio)imidazoles (Scheme 31) as described by E. Wenkert and T.W. Ferreira, J. Qh$m. §qq„ 
Chem. Commun.. 840, (1982); E. Wenkert et al. t J. Chem. Soc.. Chem. Commun.. 637, (1979); and H. Sugimura and 
H. Takei, Bull. Chem. Soc. Japan. 5& 664 (1985). The 2-(methylthio)imidazoles can be produced by the procedure 
described in German Patent No. 2,618,370 and the references cited therein. 
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Scheme 31 





As shown in Schemes 32-35. elaboration of R 8 can be accomplished by procedures described in Schemes 3. 28 
30 and SQb and by chain extension reactions familiar to those skilled in the art in which R 8 bears a reactive terminal func- 
tional group, e.g. -OH, halogen, -CHO, -C0 2 R. -C0 2 H, -CH=CH 2 ,-NH2. -N0 2 , -CN, 

-C=NH, 
I 

35 OR 



etc., or by degradation reactions such as conversion of an ester to an acid or an alkene to an aldehyde. 

Specifically, the hydroxymethyl group can be activated for the displacement reaction by reacting with thionyl chlo- 
40 ride, PCI 5 or with carbon tetrachloride/triphenylphosphine to form a corresponding chloro derivative. By a similar reac- 
tion bromo and iodo derivatives can be obtained. The hydroxymethyl group can also be activated by forming the 
corresponding p-toluenesuHonate, methanesutfonate and trifluorom ethane sulfonate derivatives. The hydroxy! group 
can be converted to its corresponding fluoro compound by various fiuorinating agents such as DAST as shown in 
Scheme 32. 
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Scheme 32 
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Also as shown In Scheme 32. the hydroxyl group can be converted to thiolacetic acid derivative (215), J. Y. Gauth- 

45 ier, Tet. Lett.. 1 5 (1 986), and to thiol derivative (21g) by subsequent hydrolysis. 

The hydroxymethyl group on compound (li) can be readily oxidized to an aldehyde group by means of manganese 
dioxide or eerie ammonium nitrate. The aldehyde group will undergo chain extension reactions such as the Wrttig and 
Wittig-Horner reactions and enter into typical carbon-carbon bond forming reactions with Grignard and lithium reagents 
as well as with compounds bearing activated methylene groups. Alternatively, the hydroxymethyl group can be oxidized 

so directly to an acid functionality which can in turn be converted to ester and amide derivatives. The esters and amides 
can be prepared directly from the aldehydes by manganese dioxide oxidation in the presence of sodium cyanide and 
an alcohol or amine. J. Am. Chem. SfiC 90, 5616 (1968) and J, Chem, Soc. (C), 2355 (1971). 

As shown in Scheme 33. the chlorine on compound (25) can be displaced by the anion of dialkyl malonate to give 
the corresponding malonate derivative (217) . The saponification of (217) with NaOH (or KOH) gives the corresponding 

55 diacid which can be decartoxylated to give the corresponding propionic acid derivative (218) by heating to 1 20°C. Alter- 
natively. (218) can be directly obtained by ref luxing (217) with a mineral acid such as HCI or sulfuric acid. The free acid 
(218) can be esterif ied by heating in a medium of the various alcohols and a catalytic amount of mineral acids such as 
HCI or sulfuric acid to give the corresponding esters (212). Alternatively the esters can be obtained by reacting the free 
acid (218) and the corresponding alcohols in the presence of coupling reagents such as DDQ or EEDQ. A similar reac- 
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tion with various monosubstituted and disubstituted amines produces the corresponding amides (220) . A similar reac- 
tion with various mercaptans produces the corresponding thioesters. 



Scheme 33 

5 ' 




40 



As shown in Scheme 34. the chloro group on (2£) can be displaced by the sodium salt or potassium salt of the alkyl , 
aryl or arylalkyl mercaptans to give the corresponding sulfide derivatives (221) . The amine derivative (222) can be 

45 obtained by treating (2§) with ammonia or with the corresponding mono-substituted amines. Alternatively, the chloro 
group may be displaced by sodium azide to give an azide intermediate which upon reduction with H2 over a noble metal 
catalyst or with a reducing agent such as chromous chloride (W. K. Warburton, J. Chem. Soc.. 2651 (1961)) yields (222) 
where R 10 and R 11 are hydrogen. This amine can be subsequently alkylated with alkyl halides, or reductively alkylated 
with aldehydes and ketones to give alkyl derivatives of (222) . The amines (222) are converted to the corresponding car- 

50 bamates (224) . sulfonamides (225) . amides (226) or ureas (227) by standard procedures illustrated in Scheme 34 and 
familiar to one skilled in the art. The nitro compound (223) can be obtained by the treatment of (25) with sodium nitrite 
or potassium nitrite. The nitrate (228) may be synthesized by treatment of (23 with AgN0 3( A. F. Ferris, et al., J. Am. 
Chem. Soc.. 75, 4078 ( 1 953). 
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Scheme 34 (Cont'd) 
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The reaction between the thiopyridyl ester (229) and a suitable Grignard reagent produces the ketones ( 230) . 
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As shown in Scheme 36 when the imidazole 4 and/or 5-position contains an aldehyde (231) then derivatives can 
be formed such as hydrazones (232) . Reaction with organometallic reagents such as Grignard or aJkyl/aryNrthium rea- 
gents will yield alcohols ( 233) which in turn may be transformed into a variety of other functionality familiar to one skilled 
in the art. 
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Scheme 36 
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Compounds (234) containing an alkyl chain substituted with 4-((2-methoxy)phenyl)piperazine (226) may be pre- 
pared by alkylating alkylhalides such as 237 with the piperazine derivative 236 in a solvent such as DMF, ethanol. 
DMSO, THF, etc.. with or without an added acid scavenger such as potassium or sodium carbonate, DBU, etc. as is 
shown in Scheme 37 . An alternative method involves coupling carboxylic acid 232 with piperazine 232 with DCC or any 
other amide-bond forming reaction familiar to one skilled in the art to yield 233. The amide can then be reduced with 
lithium aluminum hydride, Red-AI (Lithium tris(trimethoxyethoxy)aluminum hydride), diborane. etc. to yield 234. 
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Alternatively 239 can be prepared via the formation of a nitrogen anion of 236 with a strong base such as n-BuLi, 
t-BuLi, etc.. followed by reaction ester 240 . 
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Scheme 38 
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As shown in Scheme 39. ester 24Q may be obtained by esterification of acid 222 (familiar to one skilled in the art) 
or by direct oxidation of aldehyde 231 with NaCN, Mn0 2 in methanol (Corey, E. J., et al. J. Am. Chem. Soc. (1 968) 9<L 
5616). Oxidation of 231 with NaCN, Mn0 2 , NH 3 in methanol leads to the corresponding amide 241 (Gilman, N. W. 

Chem, Comm. (1971) 733). 
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flcheme 39 



N (CH^CHO N -r> (CH^i COOR 

(CH 2 ) r NaCN (CH2), 




Mn0 2 
ROH 




240 

231 NaCN ^ 

Mn0 2 R = alkyl 

NH 3 or R'NH 2 

McOH 



N-^(CH 2 ) n -iCONHR 




241 R' = H or alkyl 



Saponification of ester 2&SI will lead to carboxylic acid 238 . 

Aldehyde 231. in turn, may be made from the corresponding alcohol 17 by a variety of methods familiar to one 
skilled in the art, including pyrfdium chlorochromate (PCC), Swern and eerie ammonium nitrate (CAN) oxidations. 

Likewise, the unalkylated hydroxymethylimidazole derivative Ifi may undergo the transformations to the aldehyde, 
ester, carboxylic acid and carboxamide by the reactions mentioned above for the alkylated case. 

The aldehyde functionality on compound 231 may be converted to an acidic heterocycle by the reactions described 
in Scheme 26. 

Scheme 41 illustrates that imidazoles, especially those substituted with electron-withdrawing groups react as their 
anions with 4-nrtrofluorobenzene in DMF or DMSO to yield the N-phenylimidazole 24§. Compounds such as aldehyde 
242, ester 243, and diester 244 work especially well. The nitro group can be further elaborated as in Scheme 13 . 
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Scheme 4Q 



N 



10 



Na* 




/5 



242 R 8 = CHO 



243 R 8 = C0 2 Me 



20 



244 R 7 , R 8 =C0 2 Me 



N 




25 



30 



Scheme 41 illustrates that imidazole 4,5-dicarboxylic acid 246 (prepared by the method of R. G. Fargher and F. L 
Pyman (J. Chem. Soc. (1 91 9) 115, 21 7) can easily be esterified to the diester 24Z and then alkylated by the procedures 
mentioned previously to yield 248. Selective reduction of the diester to the 4-carboalkoxy-5-hydroxymethylimidazole 
249 is accomplished with sterically bulky reducing agents such as lithium tri-t-butoxyaluminum hydride. Esters 24g and 
249 may be saponified by the usual methods familiar to one skilled in the art. 
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Scheme 41 



5 




35 



The compounds of this invention and their preparation can be understood further by the following examples, which 
40 do not constitute a limitation of the invention. In these examples, unless otherwise indicated, all temperatures are in 
degrees centigrade and parts and percentages are by weight. 

Example 1 

45 PART A: Preparation of 2-Butvl-4-chlorO'1-f4-cvanobenzvn-5-hvdroxvmethvlimidazole 

To a solution of 2-butyl-4-chloro-5-hydroxymethylimida2ole (prepared as described in U.S. 4,355,040; 3.56 g, 40 
mmol. 1 eq) in 300 mL methanol was added dropwise a freshly prepared sodium methoxide solution (0.92 g Na, 40 
mmol, 1 eq, in 30 mL MeOH). After stirring for 0.5 hours, the methanol was removed in vacuo and the resultant glass 

so was dissolved in 100 mL DMF. To this mixture was added a solution of <x-bromo-p_-tolunitrile (8.60 g, 44 mmol, 1 .1 eq) 
in DMF and the entire contents stirred overnight under N 2 at room temperature. The solvent was then removed in vacuo 
and the residue disolved in 300 mL ethyl acetate and 300 mL H2O. The layers were separated and the aqueous layer 
was extracted twice with 300 mL portions of ethyl acetate. The organic layers were dried and evaporated and the crude 
product flash chromatographed over silica gel in 1 :1 hexane/ethyl acetate to give 6.83 g of one regioisomer as a white 

55 solid; m.p. 92.5-98.0°. NMR (200 MHz t CDCI 3 ) 8 7.65 (d. 2H, J= 8Hz); 7.13 (d. 2H, J= 8Hz); 5.30 (s, 2H); 4.46 (s, 2H); 
2.49 (t, 2H, J= 7Hz); 1.59 (m, 2H); 1.28 (m, 2H); 0.84 (t, 3H, J= 7Hz). Mass Calcd. for C 16 H 18 N 3 OCI: 303.1 138. Found: 
303.1124. 

Continued elution gave 3.56 g of the second regioisomer as a white solid, listed below as the first entry in Table 1 . 
The intermediates shown below were prepared or could be prepared in accordance with the procedure described 
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in Example 1 , Part A using the appropriately substituted imidazole and benzyl halide as starting material. 




R 1 


R 6 


R 7 


R 8 


MP(°C) 


4-CN 


n -butyl 


CH 2 OH 


CI 


98.0-100.0 


4-N0 2 


n-butyl 


CI 


CH 2 OH 


56.8- 59.5 


4-N0 2 


n-butyl 


CH 2 OH 


CI 


114.5-116.5 


2-CN 


n-butyl 


CI 


CH 2 OH 


93.0-95.5 



30 PART B: Preparation of 2-Butvl-4-chloro-1-r4-cvanoben zvh-5-cvanomethYlimidazole 

Thionyl chloride (3.60 mL, 49 mmol, 5 eq) was slowly dripped into a solution of 2-butyl-4-chloro-1-(4-cyanobenzyl)- 
5-hydroxymethylimidazole (3.0 g, 9.9 mmol, 1 eq) in a minimum of CHCI 3 . The mixture was stirred for 2 hours at room 
temperature after which the solvent was removed in vacuo and the residue suspended in toluene (200 mL). The toluene 

35 was removed on the rotary evaporator and this procedure was repeated again to remove all traces of thionyl chloride. 
The chloride was then dissolved in DMSO (minimum to dissolve) and added to a solution of sodium cyanide (2.90 g, 59 
mmol, 6 eq) in DMSO (200 mL). The solution was stirred overnight under N 2 at room temperature after which 500 mL 
H 2 0 was added and the aqueous layer was extracted three times with 300 mL of ethyl acetate. The organic layers were 
dried and concentrated and the residue flash chromatographed in 4:1 hexane/ethyl acetate over silica gel to give 1 .62 

40 g of a light yellow solid; m.p. 109.5-1 13.0° NMR (200 MHz, CDCI 3 ) 8 7.70 (d, 2H, J= 10Hz); 7.12 (d, 2H, J= 10Hz); 3.51 
(s, 2H); 2.60 (t, 2H, J= 7Hz); 1.70 (m, 2H); 1.40 (m, 2H); 0.90 (t, 3H, J= 7Hz). Mass spectrum shows M + = 312/314. Mass 
Calcd. for C 17 H 17 CIN 4 : 312.1139, Found 312.1126. 

The intermediates shown below were prepared, or could be prepared, in accordance with the procedure described 
in Example 1 , Part B using the appropriately substituted imidazole and benzyl halide as starting material. 

45 



50 



55 
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R 1 


R 6 


R 7 


R 8 


MP(°C) 


4-CN 


n-butyl 


CH2CN 


CI 


(oil) a 


4-N0 2 


n-butyl 


CI 


CH 2 CN 


117.0-119 


4-N0 2 


n-butyl 


CH2CN 


CI 


(0il) b 


2-CN 


n-butyl 


CI 


CH 2 CN 


(oil) c 


3-CN 


n-butyl 


CI 


CH 2 CN 


(oil) d 



a NMR (200 MHz, CDCI3) 8 7.66 (d, 2H, J= 7Hz); 7.12 
(d, 2H, 2, J= 7Hz); 5.15 (S, 2H); 3.69 (S, 2H), 2,56 (t, 2H, 
J= 7Hz); 1 .62 (t of t, 2H, J= 7,7Hz); 1 .33 (I of q, 2H, J= 
7,7Hz); 0.87 (I, 3H, J= 7Hz). 

15 b NMR (200 MHz, CDCI3) 8 8.24 (d, 2H, J= 1 0Hz); 7.18 

(d, 2H, J* 10Hz); 5.20 (S, 2H); 3.67 (s, 2H); 2.55 (t, 2H, 
J= 7Hz); 1 .64 (m, 2H); 1 .34 (m, 2H); 0.85 (t, 3H, J= 7Hz). 
C NMR (200 MHz, CDCI3) 8 7.80 (d, 1H, J= 10Hz); 7.64 
(d of d, 1H, J= 10,10Hz); 7.53 (d of d, 1H, J= 10,10Hz); 

20 6.74 (d, 1H, J« 10Hz); 5.37 (s, 2H); 3.64 (s, 2H); 2.55 (f, 

2H, J= 7Hz); 1 .67 (m, 2H); 1 .34 (m, 2H); 0.85 (t, 3H, J= 
7Hz). 

d NMR (200 MHz, CDCI3) 8 7.66 (d, 1 H, J= 7Hz); 7.54 (d 
Of d, 1H, J= 7,7Hz); 7.33 (s, 1H); 7.25 (d, 1H, J= 7Hz); 
5.25 (s, 2H); 3.56 (s, 2H); 2.61 (t, 2H, J= 7Hz); 1 .69 (m, 
2H); 1 .35 (m, 2H); 0.91 (t, 3H, J= 7Hz). 



30 PART C: Preparation of 2-BLitvl-1-(4-cafboxvbenzvlM-chloroimidazole-5-acetic acid 

2-Butyl-4-chloro-1 -(4-cyanobenzyl)-5-(cyanomethyl)imidazole (0.5 g) and a solution of 1:1 12 N HCI/glacial acetic 
acid (10 mL) were mixed and refluxed for 6 hours. The solvents were removed by rotary evaporation and the resultant 
solids were washed with isopropanol, and filtered. The mother liquor was flash chromatographed on silica gel in 1 :1 
35 hexane/ethyi acetate to give 60 mg of product Further flushing of the column with isopropanol followed by preparatory 
TLC of the evaporated residue gave an additional 100 mg of product. NMR (200 MHz, DMSO-d 6 ) 5 7.90 (d. 2H, J= 8Hz); 
7.12 (d. 2H, J= 8Hz); 5.30 (s ( 2H); 3.08 (s, 2H); 2.50 (t, 2H, J= 7Hz); 1.49 (m, 2H); 1.24 (m, 2H); 0.79 (t, 3H, J= 7Hz). 
Mass. Calcd. for C 13 H 19 CIN 2 0 4 : 350.1033. Found 350.1066. 

40 Example 2 

PART A: Preparation of 2-Butyl-4K;hloro-1-(4-nitrob^zyl)imidazol e-5-qcetic grid 

2-Butyl-4-chloro-5-(cyanomethyl)-1 -(4-nitrobenzyl)imidazole (7.08 g) and a 1 : 1 mixture of 1 2 N HCI and glacial ace- 
45 tic acid (1 75 mL) were mixed and refluxed for 6 hours. The solvents were removed by rotary evaporation and water (300 
mL) was then added to the residue. After a few minutes, the product precipitated and was collected and dried to give 
7.35 g of a solid; m.p. 207.0-210.0°. NMR (200 MHz, DMSO-d6/CDCI 3 ) 8 8.20 (d, 2H, J= 10Hz); 7.22 (d, 2H, J= 10Hz); 
5.28 (s, 2H); 3.42 (s, 2H); 2.52 (t. 2H, J= 7Hz); 1.64 (m, 2H); 1.34 (m t 2H); 0.86 (t 3H, J= 7Hz). Anal. Calcd. for 
C 16 H 18 CIN 3 0 4 ; C, 54.63; H, 5.16; N, 1 1.94. Found: C. 54.52; H, 5.05; N, 12.21. 

50 

PART B: Preparation of Methyl 2-butyl-4-chloro-1-(4-nitrobenzyl)imidazole-5-acetate 

2-Butyl-4-chloro-1-(4-nitrobenzyl)imkjazole-5-acetic acid (7.35 g, 20.9 mmol, 1eq); 3.1M HCI in dioxane (34.0 mL, 
105.4 mmol, 5 eq) and 100 mL methanol were mixed and refluxed for 7.5 hours. The solvents were removed by rotary 
ss evaporation and the residue taken up in methylene chloride and 1 N NaOH (300 mL each). The layers were separated 
and the organic layer washed two more times with 1 N NaOH (300 mL each), dried and concentrated to give 5.43 g of 
a light pink solid; m.p. 97.5-100.0°. NMR (200 MHz, DMSOdg) 5 8.23 (d, 2H, J= 9Hz); 7.33 (d, 2H, J= 9Hz); 5.50 (s, 
2H); 3.73 (s, 2H); 3.40 (s, 3H); 2.66 (t, 2H, J= 7Hz); 1.53 (m, 2H); 1.22 (m, 2H); 0.76 (t, 3H, J= 7Hz). Mass Calcd. for 
C17H20N3O4CI: 365.1 140. Found: 365.1 158. 
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Methyl 2-butyl-5-chloro-1-(4-nitrobenzyl)imidazole-5-acetate was also prepared by the procedure described in 
Example 2 Part B from 2-butyl-5-chloro-1 -(4-nitrobenzyl)imidazole-5-acetic acid. NMR (200 MHz, CDCI 3 ) 8 8.23 (d, 2H, 
J= 10Hz); 7.20 (d, 2H, J= 10Hz); 5.21 (s. 2H); 3.75 (s, 3H); 3.67 (s. 2H); 2.58 (t of t, 2H, J= 7Hz); 1.32 (q of t, 2H, J= 
7Hz); 0.86 (t, 3H, J= 7Hz). Mass Calcd. for C 17 H 2 oCIN 3 04; 365.1142. Found 365.1132. 

5 

PART C: Methvl 2-butvl-4-chloro-1-(4'aminobenzyl)imidazole-5-acetate 

A mixture of methyl 2-butyl-4-chloro-1-(4-nitrobenzyl)imidazole-5-acetate (5.00 g, 13.7 mmol, 1 eq), iron (2.67 g, 
47.8 mmol. 3.5 eq), glacial acetic acid (5.47 mL, 95.3 mmol, 7 eq), and methanol (250 mL) was refluxed for 5.5 hours. 

10 The solvent was removed by rotary evaporation. The residue was diluted with water (300 mL) and extracted five times 
with 300 mL portions of ethyl acetate. The organic layers were dried and concentrated. The residue was flash chroma- 
tographed in 75.25 hexane/ethyl acetate over silica gel to give 4.53 g of a golden yellow oil which crystallized after 
standing for several days. NMR (200 MHz, CDCI 3 ) 8 6.72 (d, 2H, J= 7Hz); 6.60 (d, 2H, J= 7Hz); 4.99 (s, 2H); 3.61 (s, 
3H); 3.47 (s, 2H); 2.60 (t, 2H, J= 7Hz); 1 .68 (m, 2H); 1.35 (m, 2H); 0.86 (t, 3H, J= 7Hz). Mass spectrum shows M+ = 

15 335/337. Mass Calcd. for C 17 H22N30 2 CI: 335.1400. Found: 335.1407. 

The following intermediates were prepared by the procedure described in Example 2, Part C from the correspond- 
ing nitro intermediates: 



20 



25 




30 



R 1 


R 6 


R 7 


R 8 


MP(°C) 


4-NH 2 


n-butyl 


CH 2 C0 2 CH3 


CI 


(oil) a 


4-NH 2 


n-butyl 


CI 


OCOCH 3 


(oil) b 


4-NH 2 


n-butyl 


CI 


CH 2 OH 


(oil) 0 



40 a NMR (200 MHz, CDCI3) 6 6.85 (d, 2H, J= 7Hz); 6.63 (d, 2H, 

J= 7Hz); 4.95 (s, 2H); 3.69 (s, 3H); 2.57 (t, 2H, J= 7Hz); 1 .59 
(t Of t, 2H, J= 7,7Hz); 1 .30 ( t of q, 2H, J= 7,7Hz); 0.86 (t, 3H, 
J= 7Hz). 

b NMR (200 MHz, CDCI3) 8 6.74 (d, 2H, J= 10Hz); 6.60 (d, 
2H, J= 10Hz); 4.97 (s, 2H); 4.95 (s, 2H); 3.56 (t, 2H, J= 7Hz); 
45 1 .86 (s, 3H); 1 .64 (t of t, 2H, J= 7,7Hz); 1 .33 (t of q, 2H, J= 

7,7Hz); 0.85 (t, 3H, J= 7Hz). 

c NMR (200 MHz, CDCI3) 6 6.80 (d, 2H, J= 10Hz); 6.69 (d, 
2H, J= 10Hz); 5.05 (s, 2H); 4.43 (s, 2H); 2.56 (t, 2H, J= 7Hz); 
1 .56 (t Oft, 2H, J= 7,7Hz); 1 .26 (t of q, 2H, J= 7,7Hz); 0.83 (t, 
50 3H, J= 7Hz). 



55 PART D: Preparation of Methvl 2-butvl-l-r4- (2-carboxvbenzamido)benzyn-4-chloroimidazole-5-acetate 

A chloroform solution (10 mL) of methyl 2-butyl-4-chloro-1 -(4-aminobenzyl)imidazole-5-acetate (500 mg, 1 .5 mmol, 
1 eq) was mixed with a chloroform solution (10 mL) of phthalic anhydride (221 mg, 1 .5 mmol, 1 eq). After five minutes 
of stirring at room temperature, product began to precipitate. After 24 hours, the product was filtered, washed with a 
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minimum amount of CHCI 3 and dried to give 400 mg of a white solid. After some evaporation, the mother liquor yielded 
an additional 220 mg of product, both of which had identical mehing points; m.p. 109.5 - 112.5°. NMR (200 MHz, 
DMSO-d 6 ) 8 10.37 (S, 1H); 7.85 (d. 2H, J= 8Hz); 7.71-7.50 (m, 5H); 6.96 (d, 2H, J= 10Hz); 5.12 (s, 2H); 3.60 (s. 2H); 
3.49 (s, 3H); 2.55 1. 2, J= 7Hz); 1.52 (m, 2H); 1.27 (m. 2H); 0.83 (t, 3H, J= 7Hz). The carboxylic acid could be titrated 
with 1 .000 N NaOH to form the sodium salt. High resolution mass spectrum shows M-18 (loss of H 2 0). Calcd. Mass for 
(^5H2 6 CIN 3 0 5 : 465.1455. Found 465.1440. 

Example 3 

PART A; Preparation of 2-Butvl-5-chloro-1-(4-nitrobenz vnimidazole-4-acetic acid 

2-Butyl-5-chloro-4-cyanomethyl-1-(4-nitrobenzyl)imidazole (4.48 g) was converted to the corresponding carboxylic 
acid by the procedure described in Example 2, Part A. No product precipitated upon the addition of water (300 mL) until 
the pH was raised to about 3 with cone, ammonium hydroxide to liberate the imidazole from its HCI salt. The precipitated 
solids were amorphous and ethyl acetate (5 x 300 mL) was used to extract the product. The organic layers were dried 
and concentrated to give 3.93 g of a yellow solid. Recrystallization from hexane/ethyt acetate gave 3.06 g of a white 
solid; m.p. = 138.0-139.5°. NMR (200 MHz, CDCI3) 5 8.25 (d t 2H, J= 10Hz); 7.21 (d, 2H, J= 10Hz); 5.23 (s, 2H); 3.30 
(s. 2H); 2.63 (t, 2H, J= 7Hz) 1 .63 (t of t, 2H, J= 7,7Hz); 1 .32 (t of q, 2H, J= 7,7Hz); 0.87 (t, 3H ( J= 7Hz). Anal. Calcd. for 
C 16 H 18 CIN 3 0 4 ; C, 54.63; H, 5.16; N, 11.94. Found: C, 54.75; H, 5.29; N, 12.14. 

PART B: Preparation of Methyl 2-butvl-1-r4-(2^rboxybenzamido)benzyr|-5-chloroimidazole-4-acetate 

2-Butyl-5-chloro-1-(4-nitrobenzyl)imidazole-4-acetic acid (Part A) was carried on to methyl 2-butyl-1-[4-(2-carboxy- 
benzamido)benzyl]-5-chloroimidazole-4-acetate; m.p. 150.5-152.5° by the procedure described in Example 2. NMR 
(200 MHz, DMSO<j 6 ) 8 13.00 (bs, 1H); 10.40 (s, 1H), 7.87 (d, 1H, J= 8Hz); 7.67 (d, 2H, J= 8Hz); 7.71-7.52 (m, 3H); 
7.02 (d. 2H, J= 8Hz); 5.13 (s, 2H); 3.61 (s, 3H); 3.52 (s, 2H); 2.59 (t, 2H, J= 7Hz); 2.53 (t of t, 2H, J= 7,7Hz); 1.28 (t of 
q, 2H, J= 7,7Hz); 0.82 (t, 3H, J = 7Hz). Mass Calcd. for C 2 5H 26 CIN 3 0 5 • H 2 0: 465.1455. Found, 465.1460. 

Example 4 

PART A: Preparation of 2-n-Butvl-4-chloro-5-methoxvmethyl-1-(4-nitrobenzvnimidazole 

2-n-butyl-4-chloro-5-hydroxymethyl-1-(4-nitrobenzy0imidazole (10.5 g, 32.4 mmol, 1 eq), cone, sulfuric acid (26 
mL) and methanol (300 mL) were mixed and refluxed overnight. The solvent was removed in vacuo and the residue 
taken up in water (about 300 mL). The pH was adjusted to 5 with 1 N NaOH and then this aqueous portion extracted 
with ethyl acetate (3 x 250 mL). The organic layers were collected, dried (MgS0 4 ) and the solvent removed in vacuo to 
yield 1 1 .57 g of an amber oil. NMR (200 MHz, CDCI 3 ) 8 8.22 (d, 2H, J= 8Hz); 7.15 (d, 2H, J= 8Hz); 5.26 (s, 2H); 4.25 
(s. 2H); 3.23 (s, 3H); 2.52 (t, 2H, J= 7Hz); 1.64 (t of t, 2H, J= 7,7Hz); 1.28 (t of q, 2H, J= 7,7Hz); 0.81 (t, 3H, J= 7Hz). 
Anal. Calcd. for C 16 H 20 CIN 3 O 3 -(^0)0.5: C, 55.41; H, 6.10; CI, 10.22. Found: C, 55.21; H, 6.22; CI. 9.92. 

PART B: Preparation of 1-f4-AminobenzylV2-n-birtvl-4^hloro-5-(methoxvmethvl)imidazole 

To a solution of 2-n-butyl-4-chloro-5-methoxymethyl-1-(4-nitrobenzyl)imidazole (11.22 g) in methanol (100 mL) 
under N 2 was carefully added 1 .0 g of 10% palladium on charcoal. Hydrogen gas was then bubbled through the solution 
for 4 hours. The solution was filtered through Celite® and the solvent removed in vacuo to yield 9.23 g of an amber oil. 
NMR (200 MHz, CDCI 3 ) 8 7.99 (s, 1 H); 6.78 (d of d, 4H, J= 5,5Hz); 5.05 (s. 2H); 4.24 (s, 2H); 3.27 (s. 3H); 2.59 (t. 2H, 
J* 7Hz); 1.62 (t of t, 2H, J. 7,7Hz); 1.32 (t of q, 2H, J= 7,7Hz); 0.84 (t, 3H,J= 7Hz). Mass Calcd. for C 16 H 23 CIN 3 0; 
307.1451. Found: 307.1460. 

PART C: Preparation of 2-Butvl-1-f4-f2-cail3oxvbergamido)benzv^ 

The above compound was prepared from 1-(4-aminc^enzyl)-2-n-butyl-4-chloro-5-(methoxymethyl) imidazole (3.00 
g, 9.7 mmol, 1 eq) and phthalic anhydride (1 .44 g. 9.7 mmol. 1 eq) using the procedure of Example 2, Part D. Work-up 
yielded 1 .71 g of an off-white powder, which was washed with acetonitrile. The insoluble material was filtered and dried 
to yield 1.17 g of a white powder; m.p. 1 65.5-1 66.5°C. NMR (200 MHz, DMSO-cy 8 13.01 (m, 1H); 10.39 (s. 1H); 7.87 
(d, 1H, J= 7Hz); 7.75-7.46 (m, 5H); 7.03 (d, 2H, J= 8Hz); 5.16 (s, 2H); 4.30 (s, 2H); 3.20 (s, 3H); 2.54 (t. 2H, J= 7Hz); 
1 .54 (t of t, 2H, J= 7,7Hz); 1 .30 (t of q, 2H, J= 7,7Hz); 0.83 (t, 3H, J= 7Hz). Anal. Calcd. for C^H^CIN^C, 63.22 ; H, 
5.75; CI, 7.78. Found C, 63.54; H, 5.76; CI, 7.58. 

Examples 5-18 shown in Table 1 were prepared or could be prepared by the procedures described in Examples 2- 
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4 from the appropriately substituted aniline derivative and a suitable anhydride or acid chloride. Other solvents, such 
benzene or ethyl acetate may be substituted for chloroform. 



Table 1 



E 




R 6 ^N^R 8 




NHCR 



Ex. 

No. R 



r* r 7 a 8 



MP(°C) 




n-butyl CI CH^OgCHg (oil) 




6 |J n-butyl CI CHgCOgCHg 138.0-141.0 

HO, 

O 



NO, 



HO 




n-butyl CI CHgCO^CHg 184.0-186.0 
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Table 1 (cont'd.) 



5 



10 



15 



Ex. 

No. R 



10 



HO 




R 6 R 7 R 8 



0 

I 



n-butyl CI CH 2 0CCH 3 140.0-144.5 



T if a-^ 1 c * CB 2 C0 2 CB 3 120 ~ 131 

0 



20 



25 



12 

MO 




CH 3 (H> 



n-butyl CI CH 2 C0 2 CH 3 110-121 



I! 

0 



M(CH 3 ) 



30 



H0 y^^s^^ H(N0 2 ) 
0 • 



n-butyl CI CH 2 C0 2 Cff 3 148-151 



35 



40 



14 

HO 




OCCH 3 (H) 



H(OCCH.) 

M J 



n-butyl CI CH 2 C0 2 CB 3 150-160 



45 



50 



IS 



HO 




n-butyl CI CHgCOgCHg 175-176 



or 
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Table 1 (cont'd.) 
6 R 7 R 8 



MP CO 



n-butyl CI CBJVOJn* 199.0-200.0 



n-butyl CI CBjOCBg 173.5-177.0 



18 



HO 




H(OCH 3 ) 



n-butyl CI CBgCOgCBj 151-153 



0 OCH 3 (H) 



18a 



HOaS 




n-butyl CI CHgOCHg glass 



NUR (200 UHz, CDC1J 6 9.48 (bs, 1H) ; 
7.87-7.61 (m, 2H) ^7.5-7.04 (a, 8B) ; 6.69 (d, 
2B, J= 9H«); 4.98 ( 8 , 2H); 3.45 (s, 3B) ; 3.40 
(s, 2B); 2.56 (m, 2B) ; 1.48 (m, 2B) ; 1.26 (m, 
2B); 0.72 (t, 3B, J=7Bs) . 
NUR (200 MHz, DMSO-D-) 6 H.40(s,lB); 7.93 
(m.lB); 7.75 (m,lB); 7.65 (d, 2B, J=9Ba); 7.52 
(m, 2B); 7.07 (d, 2B, J=9Ba) ; 5.18 (s, 2B) ; 
4.30 (s, 2B); 3.22 (s, 3B) j 2.54 (t, 2B, 
J=7Ba); 1-63 (t of t, 2B, J=7, 7Bz) ; 1.31 (t 
of q, 2B, J=7, 7Ba); 0.84 (t, 3B, J=7Bb) . 



Example 19 

Preparation of 2-BiJtvl^^hloro-5-hvdroxymethv)-1-f4<»rtxaxvbenzvnimidazole 

The title compound was prepared from 2-butyl-4-chloro-5-hydroxymethyl-1-{4-cyanobenzyl)imidazole by the 
method described in Example 2. Part A. NMR (200 MHz, CDd 3 + DMSO-dg) 6 7.96 (d. 2H. J= 8Hz); 7.13 (d. 2H, J= 
8Hz); 5.33 (s, 2H); 4.40 (s. 2H); 2.50 (t, 2H. J=7Hz); 1 .57 (t of t, 2H, J= 7.7Hz); 1 .27 (t of q, 2H. J= 7,7Hz); 0.85 (t, 3H. 
J= 7Hz). 
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Example 20 

Preparation of 5-Acetoxvmethvl-2-butvl-1-(4-carbox^ 

5 2-ButyM -(4K»rboxybenzyl)-4<h!oro-5-(hydroxyme%l)imidazole (2.00 g, 6.2 mmol, 1 eq), acetic anhydride (1 .46 
ml_, 15.5 mmol, 2.5 eq), triethylamine (2.59 mL. 18.6 mmol, 3 eq) and THF (50 mL) were mixed and stirred for 3 days. 
Water (200 mL) was added to the solution and the mixture was stirred for 0.5 hours. The pH was lowered to 5 with cone. 
HQ and the mixture extracted with ethyl acetate (3 x 1 00 mL). The organic layers were dried (MgS0 4 ) and concentrated 
to give 2.47 g of a brown oil. This product (2.16 g) was dissolved in a minimum of ethyl acetate and dicyclohexylamine 

w (DCHA) (1.18 mL 1 eq) was added and mixed. The solution was allowed to slowly evaporate overnight. The DCHA salt 
so obtained (1 .43 g) was subsequently taken up in ethyl acetate (100 mL) and washed with 1 N HCI (3 x 100 mL), fol- 
lowed by brine. The organic layer was dried (MgS0 4 ) and concentrated to give a yellow oil (670 mg). NMR (200 MHz, 
CDCI3) 6 8.09 (d, 2H, J= 10Hz); 7,05 (d, 2H, J= 10Hz); 5.20 (s, 2H);4.98 (s. 2H); 2.58 (t. 2H, J= 7Hz); 1.82 (t of t. 2H, 
J= 7,7Hz); 1.33 (t of q, 2H, J= 7,7Hz); 0.86 (t, 3, J= 7Hz). Anal. Calcd. For C 18 H 21 CIN 2 0 4 ; C, 59.26; H, 5.80, N, 7.68. 

15 Found: C, 58.89; H, 6.17; N, 7.39. Mass Calcd. for C 18 H 21 CIN 2 0 4 : 364.1200. Found: 364.1 167. 

Example 21 

Preparation of Methyl 2-butyl-4K;hlorO'1-[4-(trrfluoromethv1sulfonamido)benzyl]imidazole-5-acetate 

20 

A solution of triflic anhydride (0.88 mL. 5.2 mmol, 1 eq) in methylene chloride (5 mL) was dripped into a solution of 
methyl 2-buty1-1-(4-aminobenzyl)-4-chloroimidazole-5-acetate (1,74 g, 5.2 mmol, 1 eq) and triethylamine (1.44 mL f 
1 0.4 mmol, 2 eq) in 20 mL of methylene chloride at •78°C. The solution was kept at -78°C for 1 hour after which it was 
allowed to warm to room temperature. After 24 hours, the reaction was quenched with water (100 mL) and the pH 

25 adjusted to 5 with cone. HCI and the aqueous extracted with methylene chloride (5 x 100 mL). The organic layers were 
dried (MgSO^, concentrated, and the residue flash chromatographed in 1:1 hexane/ethyl acetate on silica gel. The 
crystalline product which formed in the 1:1 hexane/ethyl acetate solution while the crude product was being applied to 
the column was isolated (1.03 g). Chromatography of the mother liquor yielded an additional 1.03 g of the title com- 
pound as a white solid; m.p. 154.0-157.0°. The product could be titrated with 1 equivalent of 1 .000 N NaOH. NMR (200 

30 MHz, CDCI3) 8 7.32 (d. 2H, J= 10Hz; 6.91 (d, 2H, J=10Hz); 5.15 (s, 2H); 3.62 (s, 3H); 3.46 (s, 2H); 2.55 (t. 2H, J= 7Hz); 
1.56 (m, 2H); 1.26 (m, 2H); 0.72 (t, 3H, J=7Hz). Mass Calcd. for C 18 H 21 N304SF 3 CI: 467.0890. Found: 467.0872. 

Examples 22-25 in Table 2 were prepared or could be prepared by the procedure described in the above example 
employing the appropriately substituted 1 -(aminobenzy I) -imidazole, which in some instances is followed by ester 
hydrolysis familiar to one skilled in the art. 
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Table 2 



10 



is 



20 



25 



Ex. . 

No. jr 

22 NHSOqCFj 

23 NHS0 2 CP 3 



24 NHS0 2 CF 3 



25 NHSOgCPj 



B 




n-butyl CI 
n-butyl CI 

n-butyl CI 



n-butyl CI 



,8 



CBgOH 
CHgOCBg 



CHgOCHgCE 



\ 



CH. 



CH 2 C0 2 B 



yp(*c) 



(oil) 



30 



35 



NUR (200 MHz, CDClg) fi 7.29 (d, 2H, J= 10Hz) ; 
6-64 (d, 2H, J= lOHa); 5.11 (s, 2H) ; 3.45 (s, 
2H); 2.56 (t, 2H, J= 7Hz) ; 1.60 (m, 2H) ; 1.30 
(n, 2H); 0.85 (t, 3H, J= 7Hz) 



40 

Example 26 

Preparation of 2-Butvl-4-chloro-5-r(1 H-tetrazol-5-vnmet hvll-1 -f3-( 1 H-tetreol-5-vnbenzvnimidazole 

45 2-Butyl-4-chloro-1-(3-cyanobenzyl)-5-fc^^ (2.00 g, 6.4 mmol, 1 eq); ammonium chloride (0.91 

g, 17 mmol, 2.7 eq); sodium azide (1.1 1 g, 17 mmol, 2.7 eq) and DMF (25 mL) were mixed and stirred at 80°C for 24 
hours. The mixture was filtered and the solvent removed by rotary evaporation. The residue was dissolved in water (100 
mL) and methylene chloride (100 mL). The layers were separated and the aqueous layer extracted again with methyl- 
ene chloride (2 x 100 mL). The aqueous was then acidified with cone. HCI to pH of 3. The solid which precipitated was 

50 collected and dried to give 560 mg of the title compound as a tan solid; m.p. 254° (darken), 258° (dec.). The product 
when titrated with 1 .000 N NaOH showed the presence of exactly two acidic functionalities. NMR (200 MHz, DMSO-d 6 ) 
8 8.79 (d, 1H, J=7Hz); 7.69 (s, 1H); 7.53 (t, 1H, J= 7Hz); 7.10 (d. 1H, J=7Hz); 5.37 (s, 2H); 4.23 (s, 2H); 2.57 (t, 2H, J= 
7Hz); 1.53 (t of t, 2H, J= 7Hz); 1.27 (t of q, 2H, J= 7Hz); 0.80 (t, 3H, J= 7Hz); AnaJ. Calcd. for C 17 H 19 CIN 10 : C, 51.19; 
H, 4.80. Found: C, 51.04; H, 4.69. 
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Example 27 

Preparation of 2-Butvl-4-chloro-5-fM H-tetrazol-5-vnmethvn-1 -f4-f 1 H-tetrazol-5-vnbenzvnimidazole 

5 The title compound was prepared from 2-butyl-4-chloro-1 -(4-cyanobenzyl)-5-(cyanomethy9imidazole by the proce- 
dure described in Example 26; m.p. 228 (dark), 229.0-230° (dec). Titration with 1 .000 N NaOH showed the presence of 
exactly two acid functionalities. NMR (200 MHz, DMSO-d 6 ) 8 7.95 (d, 2, J= 7Hz); 7.13 (d. 2, J= 7Hz); 5.34 (s, 2); 4.23 
(s, 2); 2.53 (t, 2, J= 7Hz); 1 .50 (t of t, 2, J= 7,7Hz); 1 .26 (t of q, 2, J= 7Hz); 0.79 (t 3. J= 7Hz); 1 R 3420 br, 1930 br, 740 
cm" 1 . Mass Calcd. for C 13 H 19 CIN 10 : 398.1482. Found: 398.1509. 

10 

E x a mple 28 

Preparation of 2-Butvl-4-chloro-5-hvd roxvmethvl-1 ■(4-N-phthalimidobenzvnimidazole 

is 1-(4-Anronobenzyl)-2-butyl-4-chloro-5-(hydrox (1.00 g, 3.4 mmol, 1 eq) in 20 mL of methylene 

chloride was dripped into a stirred solution of phthaloyl chloride (0.49 mL, 3.4 mmol, 1 eq), triethylamine (0.95 mL, 6.82 
mmol, 2 eq) and methylene chloride (500 mL). After 1 1 days, the solvent was removed by rotary evaporation and the 
residue flash chromatographed in 1:1 hexane/ethyl acetate over silica gel to give 240 mg of the title compound as a light 
yellow glassy solid; m.p. 65.0-73.5°. NMR (200 MHz, CDCI 3 ) 6 (key peaks only) 7.97 (m, 2H); 7.79 (m, 2H); 7.43 (d, 2, 

20 J= 10Hz); 7.11 (d. 2H, J= 10Hz); 4.50 (s, 2H); 2.57 (t. 2H, J= 7Hz); 1.67 (m, 2H); 1.34 (m, 2H); 0.87 (t, 3H, J= 7Hz). 
Mass Calcd. for C23H22CIN3O3: 423.1349. Found: 423.1324. 

Example 29 

25 Preparation of Methvl 2-bu tvl-4-chloro-1-f4-N-phthalimidobenzvl)imidazole-5-acetate 

Methyl 2-butyl-1-[4-(2-carboxybenzamido)benzyl]-4-chloroimklazole-5-acetate (1.00 g), methanol (50 mL) and 3.6 
mL of 3.1 N HCI in dioxane were refluxed for 6 days. The solvent was removed in vacuo and the residue taken up in 
ethyl acetate (100 mL). The organic phase was washed with 1 N NaOH (2 x 100 mL) and brine (1 x 100 mL), dried 
30 (MgS0 4 ) and concentrated. The residue was flash chromatographed over silica gel in 75:25 hexane/ethyl acetate to 
give 400 mg of an oil which eventually crystallized; m.p. 141.5 - 143.0°. NMR (200 MHz, CDCI 3 ) 5 7.92 (m, 2H); 7.80 
(m, 2H); 7.43 (d, 2H, J= 10Hz); 7.08 (d, 2H, J= 10Hz); 5.17 (s, 2H); 3.62 (s, 3H); 3.50 (s, 2H); 2.62 (t, 2H, J= 7Hz); 1 .71 
(t of t, 2H, J= 7,7Hz); 1 .36 (t of q. 2H, J= 7,7Hz); 0.89 (t, 3H, J= 7Hz). Mass Calcd. for C25H24CIN3O4: 465.1455. Found: 
465.1440. 

35 

Example 30 

Preparation of Methvl 2-buM-4-chloro-1-[4-((N-trif luoro^ 

40 Methyl- 1-(4-aminobenzyl)-2-butyl-4-chloro-5-imidazoleacetate (1 .00 g, 2.98 mmol, 1 eq), N-(trifluoromethanesulfo- 
nyl)anthranoyl chloride which is described in EP 003836, (0.86 g, 2.99 mmol, 1 eq), and sodium bicarbonate (1 .25 g, 
14.9 mmol, 5 eq) were mixed and stirred in 50 mL methylene chloride (acid chloride was added last). The reaction was 
worked up after 2.5 hours by filtering, removing the solvent from the filtrate in vacuo and recrystallizing the residue from 
ethyl acetate/hexane to give 1 .07 g of light yellow crystals; m.p. 151 .0 - 1 52.0°. NMR (200 MHz, CDCI3) 8 9.32 (s, 1 H); 

45 8.02 (d, 1H, J= 10Hz); 7.79 (d, 1H. J= 10Hz); 7.56 (d of d, 2H, J= 10, 10Hz); 7.50 (d, 2H, J= 10Hz); 7.78 (d of d, 1H. J= 
10, 10Hz); 6.86 (d, 2H, J= 10Hz); 5.10 (s, 2H); 3.58 (s, 3H); 3.45 (s, 2H); 2.45 (t. 2H, J= 7Hz); 1.52 (toft, 2H, J= 7,7Hz); 
1.22 (t of q, 2H, J= 7,7Hz); 0.75 (t, 3H, J* 7Hz). Titration of the product with 1.000 H NaOH shows the presence of 
exactly one acidic functionality. Anal. Calcd. for C25H26CIF3N4O5S: C, 51.15; H, 4.46; N, 9.54. Found: C, 50.95; H, 4.26; 
N, 9.67. Mass Calcd. for C25H26CIF3N4O5S: 586.1264. Found: 586.1222. 

50 

Example 31 

Preparation of 2-Butvl-4-chloro-1-f4-ffN-trifluoro methanesulfonvnanthranilamido)benzyl1imidazole-5-acetic acid 

55 Methyl 2-butyl-4-chloro-1 -[4-((N-trif luoromethanesulfonyl)anthranilamido)benzyllimidazole-5-acetate (400 mg, 
0.66 mmol, 1 eq) was stirred in 1.0 N NaOH (0.66 mL. 0.66 mmol, 1 eq) for 3 hours under N 2 . The pH was adjusted to 
5 with 1 .0 N HCI and the product precipitate was collected and dried affording 120 mg of the title compound as a white 
solid. The NMR spectrum shows the methyl ester to be missing. Mass spectrum shows M-C0 2 peak. Mass Calcd. for 
C23H 2 4CIF 3 N403S: 528.1209. Found: 528.1236. 
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Example 32 

Preparation of 2>Butvl-144>(2^rboxvbenzamido)be nzvq^-chloroimidazole-5-acetic acid 

5 The title compound was prepared from methyl 2-butyl-1 -[4-(2-cartx»cybenzamido)benzyl]-4-chloroimidazole-5-ace- 
tate by the procedure described in Example 31 ; m.p. 1 70.5 - 175.0°. 

Example 33-53 in Table 3 were prepared or could be prepared by the procedures described in Examples 30 and 
31 using the appropriate aniline and acid chloride starting materials. 
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Table 3 



10 



R 





HHCR 



15 



Ex. 
No. 



R 



20 



33 




»HS0 2 CF 3 



n-butyl 01 CH 2 C0 2 CH 3 (oil) a 



25 



34 



CF SO.H 
H 




n-butyl CI CHgCOgCHg 



30 



35 



40 



35 



36 



CF 3 S0 2 




H 



CF-SO. 
3 2 




n-butyl CI CH 2 C0 2 CH 3 226-228 



n-butyl CI CH 2 C0 2 CH 3 



153-156 
(dec.) 



45 



37 



CF SO H 
H 




Br 



n-propyl Cl CHgOH 



50 



38 




Br 



mS0 2 CF 3 



n-hexyl H CH 2 C0 2 CH 3 
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Table 3 (cont'd.) 
3* ft | n-propyl CI CHjOH 



V 



NHS0 2 CF 3 




40 H I n-butyl CI CH 2 C0 2 CB 3 



CF^SO-N . 

3 2 * *A 



^ H 





HHSO.CF. 



41 I n-propyl CI CH 2 C0 2 CH 3 

J *H furyl 



42 || | n-butyl CI CHgOH 



43 CB 3 CH 2 CH=CH- CI CHgOH 

NHSOjCFj 

HHS0 2 CF 3 



44 \^ n-butyl CI CH 2 0C0CH 3 



4S n-butyl CI CB 2 0C0CH 3 



46 



CF 3 S0 2 



n-butyl 



CH 2 C0 2 H CI 



H 
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Table 3 (cont'd.) 
1 l! fif MPCC) 



n-butyl CI CH 2 C0 2 H 



CK 3 S0 2 « 




n-butyl CI n-butyl 




n-butyl CHgCOgH CI 



NHS0 2 CF^ 



c*\so> 

3 2. 




n-hexyl CI CHgCOgB 



H 



CH.SO.K 
M 




n-butyl CI CH 2 C0 2 CH 3 74 ' °~ 7fl ' 6 




N-N 

c A « n-butyl CI // * 200.5-206.0 

H H 




n-propyl CI £ ^ 

CP. SO.- M - CH2^ N .' N 

H 



H 
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Table 3 (cont'd.) 
No ! E R 6 £ |f MP CO 



53A \>^>CH3 n-butyl CI CBjCOgCBj 188.5-189.5 



CF3SO2N 
H 





53B [ Ol n-butyl CI CB 9 0B 99.0-102.5 

CF3SO2N 
H 



53C n-butyl H CB«0H (glass) b 



CF3SO2N 
H 




a NMR (200 MBs, CDCL.) 6 8.69 (s, IB); 7.82 (s, 1H) ; 
7.75 (d, 1H, J= 7BS); 7.59 (d, 2B, J= lOBa); 7.55 
(d, IB, J= 7Ba); 7.45 (t, IB, J= 7Be) ; 6.87 (d, 
2B, J= lOBe); 5.06 (s, 2B); 3.60 (s, 3B) ; 3.46 (s, 
2B): 2.54 (t, 2B, J= 7Ba); 1.55 (t of t, 2B, J= 
7,7Bs); 1.24 (t of q, 2B, J= 7,7B«); 0.78 (t, 3B, 
J= 7Bz) . 

b NMR (DMS0-d A ) 6 14.14 (bs, IB); 13.12 (bs, IB), 

7.98 (d, IB, J=9Bb); 7.65 (d, 2B, J=9Bz) ; 7.62 (s, 
IB); 7.48 (d, IB, J=9Ba) ; 7.31 (t, IB, J=9Ba) ; 
7.17 (d, 2B, J=9Bs); 6.98 (t, IB, J=9B») ; 5.43 (s, 
2B); 4.43 (s, 2B); 2.88 (t, 2B, J=7Bz) ; 1.46 (t of 
t, 2B, J=7, 7Ba); 1.23 (t of q, 2B, J=7, 7Ba) , 
0.77 (t, 3B, J=7B«). 



Example 54 

PART A: Preparation of Ethvl n-heotvlimidate hydrochloride 

To a solution of caprylon'rtrile (30 9. 0.24 mol) in 25 mL of absolute ethanol cooled to 0° was bubbled HCI gas (9.6 
g, 0.26 mol)- After 7 days at 0° the viscous solution was diluted with 250 mL of anhydrous ether and the precipitated 
product was filtered with suction onto a coarse frit and washed liberally with ether before placing under a vacuum to 
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remove residual solvent. The product was stored under nitrogen at 0° to yield 22 g (44%) of a white solid. NMR (200 
MHz, DMSO-d 6 ) 6 4.40 (q, 2H, J= 7Hz); 3.30 (m, 4H); 2.45 (m, 4H); 1.40-0.75 (m ( 12H). Mass. Spec. 172 (M-CI). 

PART B: Preparation of 2- Heptyl-5-(hydroxymethyl) imidazole 

5 

In a high-pressure (bomb) reactor was placed ethyl n-heptylimidate hydrochloride (22 g, 0.1 1 mol), 1 ,3-dihydroxy- 
acetone dimer (9.5 g, 0.053 mol) and liquid ammonia (60 g, 3.5 mol). The reactor was sealed and heated to 70° for 12 
hours. The crude product (24.7 g) was purified by flash chromatography (silica gel, 300 g; 10:1 EtOAc/EtOH) to give 
12.7 g (61%) of a light yellow solid; m.p. 82-84°. NMR (200 MHz, CDCl3/Acetone-d 6 ) 6 6.75 (s, 1 H); 4.50 (s. 2H); 4.50- 
10 4.25 (br s, 2H); 2.60 (t, 2H, 8Hz); 1.75-1.60 (m, 2H); 1.40-1.15 (m, 8H); 0.95-0.75 (m, 3H). Mass Spec. 196, 167 (M-Et), 
149 (M-Et-H 2 0). 

PART C: Preparation of 4-Chloro-2-heptvl-5-hvdroxvmethvlimidazole 

15 To a solution of 2-heptyl-5-(hydroxymethy0imidazole (10.0 g, 51 mmol) in EtOH/1 ,4-dioxane (1:1; 600 mL) was 
added N-chlorosuccinimide (7.9 g, 59 mmol). After being stirred for 1 hour at room temperature the solvents were 
removed on a rotary evaporator and the solid residue was partitioned between ethyl acetate and water (300 mL each). 
The organic phase was washed with water (150 mL), dried (MgS0 4 ), filtered and concentrated to afford 12.4 g crude 
product. Recrystallization (1:1 EtOAc/hexane, 60 mL) gave 5.7 g (45%) of white crystals; m.p. 134-140°. NMR (200 
20 MHz, CDCVCD3OD) 8 4.50 (s, 2H); 4.00-3.80 (brs, 2H); 2.65 (t, 2H, 5Hz); 1.80-1.60 (m, 2H); 1.40-1.20 (m, 8H); 0.90- 
0.80 (m, 3H). Mass Spec. 230. 

PART D: Preparation of 4-Chloro-2-heptYl-5-(hYdroxymethyl)-1-(4-nitrobenzyl)imidazole 

To a solution of 4-chloro-2-heptyl-5-(hydroxymethyl)imidazole (5.2 g, 20.7 mmol) in dry DMF (100 mL) was added 
anhydrous K 2 C0 3 (4.3 g, 31.1 mmol) followed by 4-nitrobenzyibromide (5.4 g, 24.9 mmol). The solution was stirred 3- 
5 hours at 65-70°. The reaction mixture was poured into a separatory funnel containing EtOAc and H 2 0 (300 mL each). 
The aqueous phase was extracted with EtOAc (150 mL) and the combined organic phases were washed three times 
with H 2 0 (150 mL) before being dried (MgS0 4 ), filtered and concentrated to give 9.0 g brown crude oil. Chromatogra- 
phy (silica gel, 450 g; 1 :1 EtOAc/hexanes) gave 1 .3 g (17% overall, 35% of theoretical); m.p. 110-1 15°. NMR (200 MHz, 
CDCI3) 88.20 (d, 2H, 5Hz); 7.20 (d, 2H, 5Hz); 5.35 (s, 2H); 4.45 (s, 2H); 3.10-3.00 (m, 1H); 2.50 (t, 2H, 5Hz); 1.75-1.50 
(m, 2H); 1.40-1.10 (m, 8H); 0.90-0.75 (m, 3H). Mass Spec. 365. 

PART E: Preparation of 1 -(4- Amino benzyl)-4-chloro-2-heptyl-5-hydroxymethyl imidazole 

To a solution of 4-chloro-2-heptyl-5-hydroxymethyl-1-(4-nitrobenzyl)imidazole (1.00 g, 2.7 mmol) in EtOH (30 mL) 
and glacial acetic acid (5 mL) was added iron powder (2.5 g, 44.8 mmol). The mixture was stirred while being refluxed 
for 20 minutes. The solution was cooled, the iron was removed by filtration, and the solution was partitioned between 
EtOAc and 20% aq. K 2 C0 3 (150 mL each). The organic phase was washed with saturated aqueous NaCI, dried 
(MgS0 4 ), filtered and concentrated to afford 0.8 g yellow-orange oil. Flash chromatography (silica gel, 25 g; EtOAc/hex- 
anes. 1:1) gave 0.74 g (80%) of yellow-orange oil. NMR (200 MHz, CDCI 3 ) 8 6.80-6.60 (ABq, 4H, 7Hz,32Hz); 5.10 (s, 
2H); 4.45 (s, 2H); 3.75-3.60 (m, 2H); 2.55 (t, 2H, 5Hz); 1.75-1.65 (m, 2H); 1.30-1.15 (m, 8H); 0.90-0.80 (m, 3H). Mass 
Spec. 335. 

45 PART F: Preparation of 4-Chloro-2-hept vl-5-hvdroxvmethyl-1-f4-((N-trtfluoromethanesulfonvn 
zyl] imidazole 

To a solution of 1-(4-aminobenzyl)-4-chloro-2-heptyl-5-(hydroxymethyl)imidazole (21 1 mg, 0.63 mmol) in dry meth- 
ylene chloride (10 mL) was added anhydrous sodium bicarbonate (263 mg, 3.1 mmol) followed by N-(trifluorometh- 
so anesulfonyOanthranoyl chloride (180 mg, 0.63 mmol). After 2 hours the mixture was filtered, the filtrate was 
concentrated and the residue was purified by flash chromatography (silica gel, 10 g; EtOAc) to provide 298 mg (81%) 
of pale yellow solid; m.p. 90-95° (dec.). NMR (200 MHz, CDCl3/CD 3 OD) 8 7.75-6.80 (m, 8H); 5.10 (s, 2H); 4.40 (s, 2H); 
2.50 (t. 2H, 7Hz); 1.75-1.50 (m, 2H); 1.35-1.15 (m, 8H); 0.95-0.80 (m, 3H). Mass Spec - no mass ion observed due to 
apparent decomposition; 424 (M-NHS0 2 CF 3 -CH 3 ). 
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Example 55 

PART A: Preparation of Ethyl 3-methoxvpropvlimidate hydrochloride 

This compound was prepared according to the procedure described in Example 54, Part A. From 3-methoxypropi- 
onitrile (30 g, 0.35 mol) and hydrogen chloride (14.1 g, 0.39 mol) in ethanol (25 mL) there was obtained 37.7 g (64%) 
white solid. Mass Spec. 132 (M-Cl). 

PART B: Preparation of 5- Hvdroxvmethvl-2-(2-methoxvethv1) imidazole 

This compound was prepared according to the procedure described in Example 54, Part B. From ethyl 3-methox- 
ypropylimidate (36.7 g, 0.22 mol), 1 ,3-dihydroxyacetone dimer (19.7 g, 0.11 mol) and liquid ammonia (90 g, 5.3 mol) 
there was obtained 14.0 g (41%) of an off-white solid following chromatography, m.p. 100-107°. NMR (200 MHz, 
DMSO<J 6 ) 6 6.70 (s, 1H); 4.30 (s, 2H); 3.6 (t, 2H, 5Hz); 3.20 (s, 3H); 2.80 (t, 2H, 5Hz). Mass Spec. 156. 

PART C: Preparation of 4-Ch loro-5-hydroxymethvl-2-f2-methoxvethvnimidazole 

This compound was prepared according to the procedure described in Example 54, Part C. From 4-hydroxymethyl- 
2-(2-methoxyethyl)imidazole (13.5 g, 81.7 mmol) and N-chlorosuccinimide (13.8 g, 103 mmol) was obtained 4.8 g 
(29%) of light yellow solid following chromatography (silica gel, 500 g; EtOAc); m.p. 102-108°. NMR (200 MHz, 
CDCI3/CD3OD) 8 4.50 (s, 2H); 3.65 (m, 4H); 3.40 (s, 3H); 2.90 (t, 2H, 5Hz). Mass Spec. 190. 

PART D: Preparation of 4-Chloro-5-hydroxymethvl-2-f2-methoxvethvlV1-(4-nitrobenzvl)imidazQle 

This compound was prepared according to the procedure described in Example 54, Part D. From 4-chloro-5- 
hydroxymethyl-2-(2-methoxyethyl)imidazole (4.3 g, 22.6 g) was obtained 2.2 g (30% overall. 60% of theoretical) of light 
yellow solid; m.p. 91 -95°. NMR (200 MHz, CDCI 3 ) 8 8.15 (d, 2H, 8Hz); 7.20 (d, 2H, 8Hz); 5.45 (s, 2H); 4.45 (s, 2H); 3.60 
(t, 2H, 5Hz); 3.20 (s, 3H); 3.15 (s. 1H); 2.80 (t, 2H, 5Hz). Mass Spec. 325. 

PART E: Preparation of 1-(4-AminobenzvlM-chloro-5-hvdroxvmethvl-2-f2-metho xvethvnimidazole 

This compound was prepared according to the procedure described in Example 54, Part E. From 4-chloro-5- 
hydroxymethyl-2-(2-methoxyethyl)-1-4-nitrobenzyl)imidazole (2.2 g, 6.75 mmol) and iron powder (6.7 g, 120 mmol) 
there was obtained 1 .6 g (80%) of light yellow solid; m.p. 1 64-1 67°. NMR (200 MHz, CDCI3/CD3OD) 8 6.80 (d, 2H, 7Hz); 
6.65 (d, 2H, 7Hz); 5.15 (s, 2H); 4.45 (s, 2H); 4.30 (s, 3H); 3.60 (t, 2H, 5Hz); 3.25 (s, 3H); 2.8 (t, 2H, 5Hz). Mass Spec. 
295. 

PART F: Preparation of 1-r4-(2-Carboxvbenzamido)benz vH^ 

To an acetonitrile solution (12 mL) of 1-(4-aminobenzyl)-4-chloro-5-hydroxymethyl-2-(2-methoxyethyl)imidazole 
(150 mg, 0.51 mmol) was added an acetonitrile solution (2 mL) of phthalic anhydride (75 mg, 0.51 mmol). After stirring 
overnight at room temperature a light yellow precipitate was produced. The mixture was cooled to 0°, filtered with suc- 
tion onto a fine fritted funnel and the solid was washed with cold acetonitrile, chloroform and finally ether (2 mL each) 
to afford 180 mg (80%) of light tan solid, m.p. 185-186° (dec.). NMR (200 MHz, CDCiyCDaOD) 8 8.05-6.95 (m, 8H); 
5.30 (s, 2H); 4.50 (s, 2H); 3.60 (t, 2H, 5Hz); 3.25 (s. 3H); 2.8 (t. 2H, 5Hz). Mass Spec. Calcd. for C^H^dNaCs (M- 
2H 2 0): 407.1037. Found: 407.1031. 

Example $6 

Preparation of 4-Chloro-5-hvdroxvmethvl-2 -(2-methoxvethvn-1 -f4-f fN-trifluoromethanesulfonvnanthranilamido)ben- 
zyl]imidazole 

This compound was prepared according to the prodedure described in Example 54, Part F. From 1 -(4-aminoben- 
zyl)-4-chloro-5-hydroxymethyl-2-(2-methoxyethyl)imidazole (200 mg, 0.68 mmol), N-(trifluoromethanesulfo- 
nyl)anthranoyl chloride (190 mg, 0.68 mmol) and sodium bicarbonate (280 mg, 3.3 mmol) in acetonitrile (5 mL) was 
obtained 300 mg (81%) of tan solid after chromatography (silica gel, 20 g; EtOAc/EtOH, 20:1 ); m.p. 75-95° (slow dec); 
one spot by TLC. NMR (200 MHz, CDCl3/CD 3 OD) 8 8.00-6.80 (m, 8H); 5.15 (s, 2H); 4.45 (s, 2H); 3.60 (t, 2H, 5Hz); 3.15 
(s, 3H); 2.75 (t, 2H, 5Hz). 

The following compounds listed in Table 4 were prepared by the procedures described in Examples 54, Parts D, E 
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57 HI «tbyl (amorphous solid)' 
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56 ^^^D i-propyl (amorphous solid) 
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CF.SO- 
3 *H 

59 [l y\ n-butyl (amorphous solid)' 

CF~SO,N /s> -^ 
3 *H 

60 jft J n-pentyl (amorphous solid)' 
3 *H 
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61 T J / \-CH_ (amorphous solid) 
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Table 4 (continued) 
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63 n-propyl {J 1 '*" 1 " 

HO (fr " ftCld) 



2 



64 I J O-bUtyl 188.5-189.5 

HO ( Ma+ salt) 



p 



• 5 n-penVl 170.5-171.5 



JO 



«6 ^ JL n-bexyl 171-171.5 



P 



67 y^sj o-btptyl 181-182 

HO. 



68 

HO 



69 

HO 



70 

HO. 



P O 

T^) CHjO-Q-CHj 160-152 
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a NMR 6 8.05 (d, 1H) ; 7.82 (d, 2H) ; 7.52 (d, 
1H); 7.30 (t, 1H); 7.17 (b, 3H) ; 6.93 (a, 2B) ; 

5.13 (s, 2H); 2.61 (quart., 2B) ; 1.15 (t, 3H) . 

b NMR 6 8.04 (d, 1H) ; 7.63 (d, 2B) ; 7.51 (d, 
1H); 7.28 (t, 1H); 7.13 (n, 3H) ; 6.89 (m, 2B) ; 

5.14 (s, 2B); 3.11 (sept., 1H); 1.11 (d, 6H) . 

c NMR 6 8.05 (d, 1H) j 7.64 (d, 2H) j 7.52 (d, 
IB); 7.30 (t, IB); 7.17 (m, 3B) ; 8.92 (m, 2B); 

5.15 (s, 2B); 2.66 (t, 2B); 1.63 (quint., 2B) ; 
1.28 (sext., 2B); 0.83 (t, 3B) . 

d NMR 6 8.07 (d, IB); 7.68 (d, 2B) ; 7.52 (a, 
2B); 7.30 (m, 4B) ; 6.93 (t, IB); 5.29 (s, 2B); 
2.83 (t, 2B); 1.56 (b, 2B); 1.24 (m, 4B); 0.82 
(t, 3B). 

e NMR 6 8.03 (d, IB); 7.61 (d, 2B); 7.51 (d, 
IB); 7.28 (t, IB); 7.10 (a, 3B); 6.91 (t, IB); 
6.78 (s, IB); 5.09 (s, 2B); 2.46 (d, 2B); 1.82 
(a, 6B); 0.99 (a, 6B) . 



Example 72 

PART A: Preparation of 5-Hvdroxvmethvl-2-mercapto-1-(4-nitroben2yl)imidazole 

A mixture of 4-nitrobenzylamine hydrochloride (75 g, 0.40 mol). 1,3-dihydroxyacetone dimer (32.1. 0.17 mol) and 
potassium thiocyanate (51 .9 g. 0.53 mol) in n-butanol (250 mL) and glacial acetic acid (40 mL) was stirred vigorously 
at room temperature for 48 hours. The mixture was suction filtered and the solid was washed thrice with water (300 mL) 
and thrice with ether (300 mL) before being dried overnight under vacuum to give 70.9 g (75%) of a yellow tan powder; 
m.p. 214-215° (dec). NMR (200 MHz, DMSO-d 6 ) 6 12.25 (s. 1H; absent in D 2 0 shake); 8.20 (d, 2H, 8Hz); 7.40 (d. 2H, 
8Hz); 6.90 (s, 1H); 5.40 (s, 2H); 5.25 (t, 1 H, 5Hz; absent in D 2 0 shake); 4.15 (d, 2H. 5Hz; s in D 2 0 shake). Mass Spec. 
265. 



PART B: Preparation of S-Hydroxymethyl-2-methylthio-1-(4-nitr obenzyl)imidazole 

An ethanolic solution of sodium ethoxide was prepared by the gradual addition of sodium hydride (0.70 g of 60% 
NaH in mineral oil. 17.6 mmol) to absolute ethanol (150 mL). To this 5-hydroxymethyl-2-mercapto-1-(4-nitrobenzyl)imi- 
dazole(3.9g, 14.7 mmol) was added and after being stirred 5-10 minutes, iodomethane (2.5 g. 1.1 mL, 17.6 mmol) was 
added. After being stirred 3 hours at room temperature, the mixture was concentrated on a rotary evaporator and the 
residue was partitioned between ethyl acetate (500 mL) and water (250 mL). The aqueous phase was further extracted 
with ethyl acetate (250 mL) and the combined organic phases were washed with water (150 mL), saturated aqueous 
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sodium chloride (150 mL), dried (MgS0 4 ), filtered and concentrated to leave 4.1 g of yellow-brown solid. Recrystalliza- 
tion from ethyl acetate gave 2.6 g (64%) of light yellow-brown powder; m.p. 1 60-1 62°. NMR (200 MHz, DMSO-d 6 ) 6 8.20 
(d, 2H, 7Hz); 7.30 (d, 2H, 7Hz); 6.95 (s, 1H); 5.40 (s, 2H); 5.20 (t, 1H, 5Hz; absent in D 2 0 shake); 4.40 (d, 3H, 5Hz; s 
in D 2 0 shake); 3.40 (s, 2H; monohydrate; 6 3.5 in D 2 0); 2.45 (s, 3H). Mass Spec. 279. 

PART C: Preparation of 1-(4-Aminobenzvl)-5-hvdroxvmethYl-2-fmethvlthio)imidazole 

This compound was prepared according to the procedure described in Example 54, Part E, from 5-hydroxymethyl- 
2-methylthio-1-(4-nitrobenzyl)imidazole (21 g, 75.2 mmol) and iron powder (75 g. 1.3 mol) there was obtained 13.5 g 
(72%) of a yellow hygroscopic solid. NMR (200 MHz, CDCI 3 ) 5 6.90 (s, 1H); 6.85-6.45 (q, 4H, 5Hz,51Hz); 5.10 (s, 2H); 
4.40 (s, 2H); 2.40 (s, 3H). Mass Spec. 249. 

PART D: Preparation of 1-f4-(2-CarboxYbenzamido)bvenzvll-5-hvdroxvmethvl-2-fmethvlthio)i 

This compound was prepared according to the procedure described in Example 55, Part F, though in this case the 
reaction was run in chloroform and the filtered product was washed with chloroform and ether. From 1 -(4-aminobenzyl)- 
5-hydroxymethyl-2-(methylthio)imidazole (323 mg, 1.3 mmol) and phthalic anhydride (192 mg, 1.3 mmol) there was 
obtained 488 mg (95%) of the title compound as a yellow powder; m.p. 115-118° (dec.). NMR (200 MHz, CDCb/DMSO- 
d 6 ) 8 9.80 (s, 1H); 8.00-6.85 (m, 9H); 5.20 (s, 2H); 4.40 (s, 2H); 2.50 (s, 3H). Mass Spec. 379 (M-H 2 0). 

Example 73 

Preparation of 1-[4-(2>Cartx)xybenzamido)benzvl-5-hvdroxvmethvl-2-methoxvimidazole 

By repeating Example 72, Parts C and D, but substituting 5-hydroxymethyl-2-methoxy-1-(4-nitrobenzyl)imidazole 
as starting material in Part C, the compound 1-[4-(2-carboxybenzamido)benzyQ-5-^^ 
can be prepared. 

Example 74 

PART A: Preparation of trans-2-fTrrf luoromethanesulfpnamido^cvclohexan ecarboxvlic acid 

Ethyl trans -2-ftrifluoromethanesurfonamido)cydohexanecarboxylate was synthesized from ethyl irarg-2-aminocy- 
clohexanecarboxylate [E. J. Moriconi and P. H. Mazzocchi, J. Org. Chem.. ai 1372 (1966)] by the procedure described 
in Example 21 . The crude product (2.59 g, 8.55 mmol, 1 eq) was then hydrolyzed by ref luxing in 1 .OOfcl NaOH (26.5 mL, 
26.5 mmol, 3.1 eq) overnight under N 2 . Water (100 mL) was then added and the pH adjusted to 3 using 1 N HCI. The 
aqueous was extracted with ethyl acetate (3 x 100 mL), the organic layers dried (MgS0 4 ) and concentrated to yield a 
crystalline white solid which was rcrystallized from n-butyl chloride. Obtained 1.71 g of product; m.p. 114.5-118.5°. 
NMR (200 MHz, DMSO<l 6 ) 5 12.47 (bs, 1 H); 9.52 (bs, 1 H); 2.35 (d of d of d, 1H, J= 10,10,4Hz); 2.10-1 .13 (m, 9H). Anal. 
Calcd. for C 8 H 12 F3N0 4 S: C, 34.91; H, 4.39; N, 5.09. Found, C, 34.73; H, 4.22; N, 5.04. 

PART B: Preparation of Methyl 2-birtyl-4-chloro-1-r4-(frans-2-(fr^^ 

ido^benzvnimidazole-5-acetatQ and methy l 2-bijtvl-4-chloro-1-f4-fgs-2-ftrrfluoromethanesulfonamido)CYClohexanecar- 
boxamido)benzyl1imidazole-5-acetate 

tan^-2-(TrifluoromethanesulfonamkJo)cyclohexanecarboxylic acid (500 mg, 1.82 mmol, 1 eq) and thionyl chloride 
(2.30 mL, 31 .5 mmol, 17.3 eq) were mixed and refluxed for 2 hours. The excess thionyl chloride was removed in yacug. 
and the residue suspended in toluene. Hie toluene was removed by rotary evaporation and the procedure repeated to 
remove traces of thionyl chloride. Final rotary evaporation yielded 460 mg of white crystalline acid chloride product 
which was used without further purification (IR 1789 cm" 1 ). 

Methyl 2-butyl-4-chloro-1-(4-aminobenzyl)imidazole-5-acetate (530 mg, 1.57 mmol, 1 eq), trans -2-(trifluorometh- 
anesulfonamido)cyclohexanoyl chloride (460 mg. 1.57 mmol, 1 eq) and sodium bicaibonate (400 mg, 4.70 mmol, 3 eq) 
were mixed and stirred in chloroform (20 mL) overnight. Water (100 mL) was then added, and the pH adjusted to 4 with 
1N HCI. The aqueous was extracted with methylene chloride (3 x 100 mL) and the organic layers dried and concen- 
trated. Gradient flash chromatography of the residue in 60:40 hexane/ethyl acetate to 1 00% ethyl acetate over silica gel 
yielded two isomere; both of which were isolated as glasses. The faster eluting product being the minor sj§ isomer (1 70 
mg) while the slower being the major trans isomer (520 mg). 

tmDS-lsomer; NMR (200 MHz, CDCI3) 8 8.18 (s. 1H); 7.42 (d, 2H, J= 10Hz); 6.84 (d, 2H, J= 10Hz); 6.47 (bd, 1H, 
J= 8Hz); 5.07 (s. 2H); 3.72 (m, 1H); 3.57 (s, 3H); 3.47 (s, 2H); 2.53 (t. 2H, 7Hz); 2.24-1.12 (m, 13Hz); 0.82 (t, 3H, J= 
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7Hz). Anal. Calcd. for C25H32CIF3N4O5S: C, 50.63; H, 5.44; N, 9.45. Found: C, 50.64; H, 5.44; N, 9.16. Mass Calcd. for 
C25H32CIF3N4O5S: 592.1734. Found: 592.1731. 

£j£-lsomer; NMR (200 MHz, CDCI3) 8 7.94 (s. 1H); 7.42 (d, 2H, J= IOH2); 6.88 (d. 2H, J= 10Hz); 6.52 (bd, 2H, J= 
8Hz); 5.11 (S, 2H); 3.75 (m, 1H); 3.63 (s. 3H); 3.48 (s, 2H); 2.56 (t. 2H, 7Hz); 2.29-1.25 (m. 13H); 0.86 (t 3H, J= 7Hz). 
5 Anal. Calcd. for C25H32CIF3N4O5S: C. 50.63; H. 5.44; Found: C, 49.87; H, 5.65. Mass Calcd. for C25H32CIF3N4O5S: 
592.1734. Found: 592.1689. 

Example 75 

10 PART A: Preparation of 2-Butyl-4.5 <licyanoimidazole 

Ethyl pentanimidate hydrochloride (42.66 g, 257.8 mmol, 1 eq), diaminomaleonitrile (27.90 g, 258.1 mmol, 1 eq) 
and pyridine (400 mL) were mixed and ref luxed for 48 hours under N 2 . The solvent was removed by rotary evaporation. 
The residue was taken up in ethyl acetate and filtered through a pad (3 M x 4") of f lorisil. The solvent was removed 
15 in vacuo and the residue flash chromatographed in 60:40 hexane/ethyl acetate over silica gel to give 1 6.59 g of a yellow 
solid which was used in the following step without further purification. An analytical sample was prepared by recrystal- 
lizing the crude product (3.03 g) from ether/hexane to give 1 .55 g of yellow crystals; m.p. 108.0-109.0°. NMR (200 MHz, 
CDCI3) 8 2.86 (t, 2H, J= 7Hz); 1 .77 (t of t, 2H, J= 7,7Hz); 1 .41 (t of q. 2H, J= 7,7Hz); 0.98 (t, 3H, J= 7Hz). Anal. Calcd. 
for C 9 H 10 N 4 ; C, 62.05; H, 5.79; N, 32.16. Found: c, 62.28; H, 5.81; N, 32.22. Mass spectrum shows M-H peak. Mass 
20 Calcd. for C 9 H 10 N 4 -H: 173.0827. Found: 173.0785. 

PART B: Preparation of 2-BLrtyl-4.5^dicyano-1-(4-nitrobenzyl)imidazole 

2-n-Butyl-4,5-dicyano-1-(4-nitrobenzyl)imidazole was prepared from 2-n-butyl-4,5-dicyanoimidazole by the proce- 
ss dure in Example 1 , Part A using 4-nitrobenzyl bromide as the alkylating agent The product was obtained as an oil. NMR 
(200 MHz, CDCI3) 6 8.29 (d, 2H, J= 10Hz); 7.29 (d, 2H, J= 10Hz); 5.36 (s, 2H); 2.67 (t, 2H, J= 7Hz); 1.70 (t oft, 2H, J= 
7,7Hz); 1.36 (tof q, 2H, J= 7.7Hz); 0.86 (t, 3H f J= 7Hz). Mass Calcd. for C 16 H 15 N50 2 : 309.1225. Found: 309.1211. 

PART C: Preparation of 1-(4-AminobenzylV2-butv1-4.5-dicvanoimidazole 

30 

A mixure of 2-butyl-4,5-dicyano-1-(4-nitrobenzyl)imidazole (2.00 g, 6.5 mmol, 1 eq), tin dichloride dihydrate (7.30 
g, 32.3 mmol, 5 eq) and ethanol (13 mL) was stirred and heated at 70° for 50 minutes. The reaction was terminated by 
pouring the mixture onto ice and adjusting the pH to 8 with saturated aqueous NaHC0 3 . The aqueous mixture was 
extracted with ethyl acetate (3 x 100 mL) and the organic layers were dried (MgS0 4 ) and concentrated to give a thick 
35 amber oil. This oil was flash chromatographed over silica gel in 75:25 to 70:30 hexane/ethyl acetate yielding 330 mg of 
yellow crystals; m.p. 99.0-103.5°. NMR (200 MHz, CDCI 3 ) 8 6.97 (d, 2H, J= 10Hz); 6.68 (d, 2H, J= 10Hz); 5.10 (s, 2H); 
2.69 (t. 2H, J= 7Hz); 1.72 (t of t. 2H, J= 7,7Hz); 1.38 ( t of q, 2H, J= 7,7Hz); 0.91 (t, 3H, J= 7Hz). Mass Calcd. for 
C16H17N5: 279.1483. Found: 279.1489. 

40 PART D: Preparation of 2-Butyl-4.5^icYano-1-f4-({N-frHluoromethan^ 

The title compound was prepared by the procedure described in Example 30 starting with 1-(4-aminobenzyl)-2- 
butyl-4,5-dicyanoimidazole and N-(trifluoromethanesulfonyl)anthranilic acid chloride. NMR (200 MHz, CDCI 3 + DMSO- 
d 6 ) 8 7.98 (d, 1 H, J* 7Hz); 7.32 (d, 2H, J= 7Hz); 7.62 (d, 1 H, J= 7Hz); 7.47 (d of d, 1 H, J= 7,7Hz); 7.24 (d of d. 1 H, J= 
45 7,7Hz); 7.15 (d. 2, J= 7,7Hz); 5.32 (s, 2H); 2.75 (t, 2H, J= 7Hz); 1.70 (t of t. 2H, J= 7.7Hz); 1 .37 ( t of q. 2H, J= 7,7Hz); 
0.92 (t. 3H, J= 7Hz). Mass Calcd. for C24H 21 F 3 N 6 03S: 503.1348. Found: 530.1343. 

Example 7§ 

so PART A: Preparation of Methvl 1-r4-(N-ben zvlamino)benzvn-2-butvl-4-chloroimidazole-5-acetate 

A mixture of methyl 1 -(4-aminobenzy0-2-butyl-4<hloroimidazole-5-acetate (1 .00 g, 3.0 mmol, 1 eq), benzaldehyde 
(0.30 mL, 3.00 mmol, 1 eq), 4A° powdered molecular sieves (enough to make a slurry) and 40 mL THF was stirred over- 
night. The next day, more benzaldehyde (0.2 mL) and acidic AI2O3 (activity 1, 1 g) were added and the slurry stirred 
55 another 24 hours. The solids were filtered and the solvent from the filtrate removed in vacuo . The residue was dissolved 
in methanol (10 mL) and sodium cyanoborohydride was added (0.19 g, 3.0 mmol, 1 eq). The mixture was stirred for 24 
hours, after which the solvent was removed in vacuo to yield a green oil which was flash chromatographed over silica 
gel in 70:30 hexane/ethyl acetate to give 740 mg of product as an oil. NMR (200 MHz, CDCI3) 8 7.42 - 7.24 (m, 5H); 
6.74 (d, 2H, J= 7Hz); 6.56 (d. 2H, J= 7Hz); 4.98 (s, 2H); 4.31 (s, 2H); 3.61 (s. 3H); 3.48 (s, 2H); 2.60 (t. 2H. J= 7Hz); 
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1.67 (t of t, 2H, J= 7,7Hz); 1.35 (t of q, 2H, J= 7,7Hz); 0.89 (t, 3H, J= 7Hz). Mass Calod. for C24H28CIN3O2: 425.1868. 
Found: 425.1853. 

PART P; Preparation of Methyl 3-butyH-[4-(N-ben2;^ 

5 chloroimidazole-5-acetate 

The title compound was prepared from the compound of Part A by the procedure described in Example 30. NMR 
(200 MHz, CDCI3) 8 7.59 (d, 1H, J= 10Hz); 7.33-7.16 (m, 6H); 6.89 (d, 2H, J= 10Hz); 6.76 (d, 2H, J= 10Hz); 6.93-6.70 
(m, 2H); 5.12 (s, 2H); 5.02 (s, 2H); 3.55 (s, 3H); 3.39 (s, 2H); 2.47 (t, 2H, J= 7Hz); 1.64 (t of t, 2H, J= 7,7Hz); 1.30 (t of 
10 q, 2H, J= 7,7Hz); 0.88 (t, 3H, J= 7Hz). Anal. Calcd. for C32H32CIF3N4O5S: C, 56.76; H, 4.76; N, 8.27. Found: C, 56.64; 
H, 4.90; N, 7.98. 

Example 77 

15 PART A: Preparation of 2-n-BLrtvl-4-chloro-5-methoxvmethvt-1-rN-methvl-4-aminobenzvt1imidazole 

1- (4-Aminobenzyl)-2-n-butyl-4-chloro-5-(methoxymethyl)imidazole (10.94 g) and ethyl formate (150 mL) were 
mixed and ref luxed overnight. The excess ethyl formate was removed in vacuo and another 1 50 mL added and the mix- 
ture was refluxed overnight again. The excess ethyl formate was removed in vacuo and the residue flash chromato- 

20 graphed over silica gel in 1 :1 hexane/ethyl acetate to yield 9.52 g of a golden oil which slowly crystallized after several 
days. This oil (9.40 g, 28 mmol, 1 eq) was dissolved in THF and to it LAH (1M in THF, 84.0 mL, 84 mmol, 3 eq) was 
slowly added via syringe under N 2 . After stirring for 1 h, the mixture was worked up as described in Reser and Fieser, 
V.1 pg. 584 (Steinhardt procedure) to yield 8.47 g of an orange oil. NMR (200 MHz, CDCI 3 ) 8 6.84 (d, 2H, J= 10Hz); 
6.55 (d, 2H, J= 10Hz); 5.02 (S, 2H); 4.26 (s, 2H); 3.27 (s, 3H); 2.81 (s, 3H); 2.58 (t, 2H, J= 7Hz); 1.67 (t of t, 2H, J= 

25 7,7Hz); 1.35 (t of q, 2H, J= 7,7Hz); 0.87 (t, 3H, J=7Hz). Anal. Calcd. for C 17 H24CIN 3 0: C, 63.44; H, 7.52; N, 13.06. 
Found: C, 63.60; H, 7.61; N, 12.86. 

PART B: Preparation of 2 -n-BiJtyU-chloro-5-methQxv^^ 
zyfjimidazole 

30 

2- n-Butyl-4-chloro-5-methoxymethyl-1 -[N-methyl-4-aminobenzyl]imidazole (2.00 g, 6.2 mmol, 1 eq) and 3,6-dichlo- 
rophthalic anhydride (1.35 g, 6.2 mmol, 1 eq) were reacted by the procedure described in Example 2, Part D to give 
2.37 g of a white powder; m.p. 120.0-123.5°. The NMR shows a 7:2 mixture of conformers in DMSO-d 6 . NMR (200 
MHz, DMSOd 6 ) 8 (major conformer only) 14.25 (m, 1H); 7.76-6.85 (m, 6H); 5.09 (s, 2H); 4.18 (s, 2H); 3.06 (s, 3H); 2.37 

35 (t, 2H, J= 7Hz); 1.38 (t of t, 2H, J= 7,7Hz); 1.21 (t of q, 2H, J= 7,7Hz); 0.77 (t, 3H, J= 7Hz). Anal. Calcd. for 
C25H26CI3N3O4: C. 55.72; H, 4.86; CI, 19.74. Found: C, 55.48; H, 4.88; CI, 19.77. 

Example 78 

40 PART A: Preparation of 2-n-B utyl-1-(4^arbomethoxvbenzvlV4-chloro-5-fmethoxvmeth^ 

2-Butyl-4-<*loro-5-hydroxymethyl-1-(4^ (17.6 g), methanol (500 mL) and cone, sulfuric 

acid (50 mL) were mixed and refluxed overnight. Potassium carbonate (100 g) was then carefully added to the solution 
which was cooled over ice. The reaction mixture was then stirred for 2.5 hours. The solvent was removed in vacuo and 
45 the residue dissolved in water (1 L). This aqueous mixture was extracted with ethyl acetate (3 x 400 mL). The organic 
layers were combined, dried (MgSO) 4 and the solvent removed in vacuo to yield 15.2 g of an oil. NMR (200 MHz, 
DMSO-d 6 ) 8 8.46 (d, 2H, J« 9Hz); 7.68 (d. 2H, J= 9Hz); 5.82 (s, 2H); 4.80 (s, 2H); 4.37 (s, 3H); 3.66 (s, 3H); 3.02 (t, 2H, 
J= 7Hz); 2.01 (t of t, 2H, J= 7,7Hz); 1 .77 (t of q, 2H, J= 7,7Hz); 1 .33 (t, 3H, J= 7Hz). Anal. Calcd. for C ia H 2 3CIN20 3 : C, 
61.62; H, 6.61; N, 7.99. Found: C, 61.79; H, 6.78; N, 7.82. 

50 

PART B: Preparation of 2-n-Butvl-1-(4-carboxYbenzvl)-4-chloro-5-(methoxvmethvl)imidazole 

2-n-Butyl-1-(4-carbomethoxybenzyO^^ g. 43.3 mmol, 1 eq), 0.5 N KOH in 

methanol (130 mL, 65.0 mmol, 1 .5 eq), water (10 mL) and methanol (50 mL) were mixed and refluxed for 4 hours. The 
55 solvent was removed in vacuo and the residue dissolved in water (300 mL). The pH was adjusted to 4 with cone. HCI 
and this aqueous mixture extracted with ethyl acetate (3 x 300 mL). The organic layers were combined, dried (MgSO^, 
the solved removed in vacuo and the crude residue recrystallized from hexane/butyl chloride to yield 9.6 g of white solid; 
m.p. 126.5-127.5°. NMR (200 MHz, DMSO-d 6 ) 8 12.95 (bs, 1H); 7.93 (d, 2H, J= 9Hz); 7.16 (d, 2H, J= 9Hz); 5.30 (s, 
2H); 4.31 (S, 2H); 3.19 (s, 3H); 2.50 (t, 2H, J= 7Hz); 1.49 (t of t, 2H, J=7,7Hz); 1.24 (t of q. 2H, J= 7,7Hz); 0.80 (t, 3H, 
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J= 7Hz). Anal. Calcd. for C 17 H2iCIN 2 0 3 : C. 60.62; H, 6.29; N, 8.32. Found: C. 60.89; H, 6.10; N, 8.03. 



PART C: Preparation of 2-n-Butvl-1-r4-(N^2-rarboxyDhenvl)ra 

5 2^-Butyl-1-(4-carbaxybenzyl)^-chloro-5-(^ (6.00 g, 17.8 mmol, 1 eq), thionyl chloride 

(13.0 mL, 178 mmol, 10 eq) and chloroform (100 mL) were mixed and refluxed for 6 h. The solvent was removed in 
vacuo, and the residue dissolved in toluene. The solvent was removed on the rotary evaporator and the evaporation 
from toluene repeated to remove all of the thionyl chloride. This yielded 6.0 g of acid chloride as an amber gum. 1 R 
1776, 1745 cm" 1 . Anthranilic add (0.737 g, 5.36 mmol. 1 eq) was dissolved in 1.000 N NaOH (10.75 mL, 10.7 mmol, 2 

10 eq) and water (100 mL) and cooled over ice. The aforementioned acid chloride (1.91 g, 5.36 mmol, 1 eq) dissolved in 
THF (50 mL) was slowly added via a dropping funnel to the stirred and cooled anthranilic acid solution. The following 
day, more anthranilic acid (74 mg, 0.536 mmol, 0.1 eq) was added to bring the reaction to completion. After 1.5 h, the 
solution was acidified to pH=5 with 1N HCI and extracted with ethyl acetate (1 x 100mL). The ethyl acetate layer was 
then washed with water (3 x 50 mL), and brine (1 x 50 mL), dried (MgS0 4 ) and the solvent removed in vacuo to yield 

is 2.28 g of a brown glass. This glass was dissolved in a minimum amount of ethyl acetate and dicyclohexylamine 
("DOHA", 1 eq) was added thereto. The salt did not crystallize and therefore was flash chromatographed over silica gel 
starting in 100% ethyl acetate and finishing in 1 :1 ethyl acetate/isopropanol to yield 1 .44 g of an oil. This oil was dis- 
solved in ethyl acetate (100 mL) and a minimum of methanol, and washed with 1N HCI (2x50mL). The ethyl acetate 
layer was dried (MgS0 4 ) and the solvent removed in vacuo to yield 0.52 g of an amber oil. NMR (200 MHz, CDCI 3 ) 8 

20 12.53 (s. 1H);8.91 (d, 1H, J=8Hz); 8.23 (d, 1H,J=7Hz); 8.08 (d.3H, J* 7Hz); 7.62 (t, 1H, J= 6Hz); 7.11 (t, 2H, J= 7Hz); 
5.30 (S. 2H); 4.30 (s, 2H); 3.30 (s, 3H); 2.72 (t, 2H, J= 7Hz); 1 .72 (t of t, 2H, J= 7,7Hz); 1 .31 (t of q, 2H, J= 7,7Hz); 0.83 
(t, 3H, J= 7Hz). Anal. Calcd. for C25H25CIN3O4 • (H 2 0) 15 : C, 59.81 : H, 5.85; CI, 7.36. Found: C. 59.78; H, 6.38; CI, 7.51. 

Examples 79-84 in lflb|e_5 were made or could be made by procedures described in Example 78 and by methods 
familiar to one skilled in the art. 
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Table 5 



N— >R 7 

^R 8 




70 n-butyl CI CHjOCHj N O 300 )* 



H N 
H 



80 n-butyl CI CHjOCHg _]J^v (glass) 

0 CH, 

30 H 

81 n-butyl CI CHgOCBj [""""S^ (white solid) 




H 

82 n-butyl CI CHgOCHg -N-COOH 148-152 




45 t- isomer 

148 



55 



87 



EPI 

— Table I 

No. R_ R_ ]£ 

83 n-butyl CI CH 2 0CB 3 



84 n-butyl CI CH o 0CH 



a NMR (200 MHz, DMSO-dg) 5 8.01 (d, 2B, J= 7Ba) ; 
7.17 (d, 2H, J= 7Hz); 5.31 (s, 2H); 4.27 (s, 
2H); 3.18 (s, 3H) ; 2.50 (t, 2H, J= 7Bz) ; 1.50 
(t of t, 2B, J= 7,7Bz); 1.21 (t of q, 2B, J= 
7,7Bz); 0.80 (t, 3B, J- 7Bz) . 

b NMR (200 MHz, CDC1 3 ) 6 11.52 (s, IB) 8.55 (d, 
IB, J= 7 Hz); 8.0 (d, 2H, J= 7Bz) 7.41 (t, IB, 
J= 7Bz); 7.14 (d, 2B, J= 7Bz); 7.04 (d, IB, J= 
7Bz); 5.30 (s, 2H) ; 4.25 (s, 2B); 3.30 (s, 
3B); 2.73 (t, 2B, J= 7Bz); 2.60 (s, 3B) ; 1.68 
(t of t (br), 2B); 1.20 (t of q, 2B, J= 
7,7Bz); 0.81 (t, 3B, J= 7Bz) . 

c NMR (200 MHz, CDClg) 6 12.05 (s, IB); 8.88 (d, 
IB, J= 7Bz); 8.23 (d, 2B, J= 8Bz); 8.11 (d, 
IB, J= 7Bz); 7.51 (t, IB, J= 7Bz); 7.25-7.11 
(o>, 3B); 5.29 (s, 2B); 4.31 (s, 2fl); 3.20 (s, 
3B); 2.62 (t, 2B, J= 7Bz); 1.63 (t of t, 2B, 
J= 7,7Bz); 1.26 (t of q, 2B J=7,7Bz); 0.75 (t, 
3B, J= 7Bz) IR: 1621,753 ca" 1 . 
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(continued) 

R MP(°C) 




134.5-136.0 



COOH 
£.-isoaer 




Example 85 

PART A: Preparation of Methvl 4'-methylbiphenyl-3-caiboxylate 

To a stirred solution of 25.2 g of methyl 3-iodobenzoate and 21 .0 g of 4-iodotoluene at 180-190° under nitrogen 
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added 30.3 g of copper powder portionwise over 1 hour When approximately one-third of the copper had been added, 
the reaction initiated and the temperature increased spontaneously to 240°. The mixture was allowed to cool to 210°, 
then was held at 210° during the addition of the remaining copper and for an additional hour. The mixture was allowed 
to cool to room temperature and was filtered employing benzene as solvent; the resulting filtrate was concentrated in 
vacuum to provide the crude product. Column chromatography on silica gel (elution = 50-100% benzene/hexane) fol- 
lowed by distillation furnished 7.60 g of methyl 4'-methylbiphenyl-3-cait>oxylate [bp: 1 14-1 15°C (0.025 torr)] as a color- 
less oil; NMR (200 MHz, CDCI3): 8 8.27 (br S, 1 H); 7.99 (d. 1 H); 7.77 (d, 1 H); 7.50 (t, 1 H); 7.39 (A^, 4H); 3.94 (s, 3H); 
2.41 (s, 3H). 

The following methylbiphenyl starting materials were prepared employing the above procedure. 

NMR (200 Ifflz, CDCI3) 

6 7.78 (d, IB); 7.46 (d, 
IB); 7.35 (t, 2H); 7.19 
(s, 4H); 3.84 (s, 3H); 
2.37 (s, 3H) 

6 7.80 (d of d, IB); 7.57 
(t of d, IB); 7.41 (a, 
2B); 7.19 (s, 4B); 2.37 
(s, 3B) 



15 a) 




b) 




30 Alternatively methyl 4'-methylbiphenyl-2-carboxylate (compound a) and tert-butyl 4 f -methylbiphenyl-2-carboxylate 
can be prepared by chemistry described by A. Meyers via the following five-step procedure. 

Step 1 : Preparation of 2-Methox vbenzovl chloride 

35 To 30 g of 2-anisic acid in 500 mL of round-bottom flask was added dropwise 50 mL of thionyl chloride. After all of 
the thionyl chloride was added the reaction mixture was stirred at room temperature for 18 hours. Excess thionyl chlo- 
ride was then distilled off by water aspirator and the remaining liquid was vacuum distilled (82°/0.7 mm Hg). Desired 2- 
methoxybenzoyl chloride was obtained as a colorless liquid, 32 g. 

40 Step 2: Preparation of 4.4-Dimethvl-2-(2-methoxYDhenvl)oxazoline 

20 g of 2-Amino-2-methyl-1-propanol was dissolved in 100 mL of methylene chloride and the mixture was cooled 
with ice. Meanwhile, 1 7 g of 2-methoxybenzoyl chloride prepared from Step 1 was placed in a dropping funnel, diluted 
with 50 mL of methylene chloride and added dropwise. After the addition of the acid chloride, the cooling ice bath was 
45 removed and the reaction mixture was stirred at room temperature for 2 hours. 

The reaction mixture was concentrated to remove the solvent and the solids obtained were triturated with water, 
collected by filtration and washed with water. Thus obtained solids were dried in vacuo to give a colorless light solid, 
20.5 g. 

The solid was placed in 200 mL of round-bottom flask and 22 mL of thionyl chloride was added slowly to the solid 
50 without any solvent. At the beginning of the addition the reaction was vigorous but was controllable. After the addition 
of thionyl chloride was complete, the yellow reaction mixture was stirred at room temperature for 1 hour. The reaction 
mixture was poured into 200 mL of ether and the resulting solids were collected and washed with ether. The solids were 
dissolved in 100 mL of water and the pH of the solution was adjusted to 1 0 by adding 1 N NaOH. The aqueous solution 
was extracted into ether 3 times. The combined ether extracts were dried (Na 2 S04) and concentrated to give the 
55 desired product as a white solid, 1 8 g. m.p. 70-72°. 

Step 3: Preparation of 2-f4 / -Methvlbiphenvl>2-vn-44 -dimethvloxazoline 

4-Methylphenyl Grignard reagent was prepared from 2.5 g of magnesium and 13 mL of 4-bromotoluene in 200 mL 
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of anhydrous THE The Grignard reagent was added to 10 g of the product from Step 2 in 100 mL of anhydrous THF 
and the reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was concentrated and the 
residue was treated with 200 mL of saturated NH 4 CI solution and the mixture was stirred at room temperature for 30 
minutes. The aqueous solution was then extracted with ethyl acetate. The crude product obtained upon concentration 
5 of the ethyl acetate extracts were purified by flash column chromatography (silica gel, hexane:ethyl acetate=2:l) to give 
the desired compound as a colorless liquid, 1 1 .8 g. 

Steo 4: Preparation of 4^Metrwtbiphenvl-2-carboxvlic acid 

w A mixture of 10 g of the product from Step 3 and 200 mL of 4.5 N HCI was reftuxed for 12 hours. During this period 
of time the desired compound was isolated as a brownish oil floating on the surface of the reaction medium. The reac- 
tion mixture was cooled to room temperature. The product which was oily initially began to solidify upon cooling. The 
product was extracted with ethyl ether. Upon concentration of the ether extract the desired product was obtained as a 
colorless solid, 7 g, m.p. 140-142°. 

15 

Step 5: Esterification of 4'-methylbiphenyl-2-carboxylic acid 
Preparation of methyl 4'-methvibiphenvl-2-carboxv]ate 

so To 100 mL of methanol was added dropwise 5 mL of acetyl chloride with ice cooling. After stirring the mixture for 
1 5 minutes, 5 g of the acid from Step 4 was added at once and the mixture was ref luxed for 4 hours. The reaction mix- 
ture was concentrated to remove the solvent and the desired methyl ester was obtained as a thick liquid, 5 g. 



25 



50 



Preparation of tert-butyl 4'-methylbipheny1-2-rarboxylate 



To a solution of 42.4 g of 4'-methylbiphenyl-2-carboxylic acid in 200 mL of methylene chloride at 0° was added 
dropwise 20 mL of oxalyl chloride. The reaction was allowed to warm to 25° and then was stirred at 25° for 3 hours. The 
solvent was removed in vacuo. The residue was dissolved in benzene, and the benzene then removed in vacuo to pro- 
vide 46.1 g of crude acid chloride. 

30 The acid chloride prepared above was dissolved in 600 mL of tetrahydrofuran. To this solution at 0° was added 26.0 
g of potassium t-butoxide portionwise such that the reaction temperature did not exceed 1 5-20°C. The resulting mixture 
was then allowed to stir at 25°C for 1 hour. The reaction mixture was poured into water, and the resulting emulsion was 
extracted with diethyl ether. The combined organic phases were washed with brine, dried over anhydrous sodium sul- 
fate, filtered, and concentrated. Distillation provided 49.5 g of tert-butyl 4'-methyl-biphenyl-2-carboxylate (bp 115- 

35 120°/0.05torr). NMR (200 MHz, CDCI 3 ): 8 7.73 (d of d, 1H), 7.46-7.27 (m, 3 H); 7.18 (s, 4H); 2.40 (s, 3H); 1.30 (s,9H). 

PART B: Preparation of Methvt 4 f -bromomethylbiphenvl-3-carboxvlate 

A solution of 7.31 g of Methyl 4'-methylbiphenyl-3-carboxylate, 5,75 g of N-bromosuccinimide, 0.125 g of 
40 azo(bisisobutyronitrile), and 500 mL of carbon tetrachloride was ref luxed for 3 hours. After cooling to room temperature 
the resulting suspension was filtered and then concentrated in vacuo to provide 9.90 g of crude methyl 4'-bromometh- 
ylbiphenyl-3-carboxylate which was used in a subsequent reaction without further purification; NMR (200 M Hz, CDCI 3 ) : 
8 8.28 (s, 1 H); 8.05 (d, 1 H); 7.79 (d, 1 H); 7.67-7.48 (m, 5H); 4.55 (s. 2H); 3.98 (s, 3H). 

The following bromomethylbiphenyl intermediates were prepared employing the above procedure. 

45 
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NMR (200 KHz, CDC1 3 ) 



) 




10 



6 7.82 (d, 1H); 7.59-7.23 
(b, 7B); 4.52 (s, 2H) ; 
3.62 (s, 3H) 



15 



b) 




5 7.88 (d of d, 1H); 7.62 
(t oi d, 1H); 7.53-7.21 
(«, 6H); 4.52 (s, 2H) 



20 



25 



C) 




C0 2 C(CH 3 ) 3 5 7,70 (d f IB) ; 7.56-7.24 

(a, 7H); 4.51 (s ( 2H) ; 
1.25 (s, OH). 



30 

PART C: Preparation of 1-[(3^Cart)omethoxvbiph^ 

To a suspension of 1 .43 g of sodium methoxide in 20 mL of dimethylfbrmamide at 25° was added a solution of 5.00 
g of 2-butyl-4(5)-chlao-5(4)-hydroxymethyl imidazole in 15 mL of DMR The resulting mixture was stirred at 25° for 0.25 

35 hours, and then to this mixture was added dropwise a solution of 9.90 g of methyl 4'-bromomethylbiphenyl-3-cartx>xy- 
late in 15 mL of DMR Finally, the reaction mixture was stirred at 40° for 4 hours. After cooling to 25°, the solvent was 
removed in vacuo. The residue was dissolved in ethyl acetate, and this solution was washed with water and brine, dried 
over anhydrous sodium sulfate, filtered, and concentrated. The crude product contains two regioisomers, the faster 
moving one by TLC being the more potent isomer. Column chromatography on silica gel (elution: 10-25% ethyl ace- 

40 tate/benzene) afforded 3.85 g of 1-[(3'^rbomethoxybiphenyl-4-y0^ 

(rap. 162-163°), the regioisomer of higher R t ; NMR (200 MHz, CDCI 3 ) 8.24 (s, 1H); 8.03 (d. 1H); 7.76 (d. 1H); 7.52 (t, 
1H); 7.33 (A2B2, 4H); 5.27 (s, 2H); 4.52 (d, 2H); 3.93 (S, 3H); 2.60 (t, 2H); 1.89 (t, 1H); 1.67 (quint., 2H); 1.35 (sext, 
2H); 0.88 (t, 3H). 

45 PART D: Preparation of 1-K3'-Cai1x)methoxvbiphenvl-4-vn me^^ 

A mixture of 1.00 g of 10% palladium/carbon and 1.00 g of 1-[(3'-<»rbomethoxybiphenyl-4-yl)methyl]-2-butyl-4- 
chloro-5-hydroxymethyl imidazole in 20 mL of methanol was stirred at 25° for five minutes. Hydrogen gas was bubbled 
into the solution, and the mixture was stirred under H 2 (g) (1 atm.) at 25° for 3.5 hours. The mixture was filtered, and the 
50 resulting solution concentrated in vacuo. Column chromatography (elution: 0-5% methanol/chloroform) furnished 0.33 
g of 1-[(3'-carbomethoxybiphenyl-4-yl)m^ imidazole. NMR (200 MHz, DMSO-d 6 ) 68.20 (s, 

1H); 7.98 (d, 2H); 7.65 (t, 1H); 7.41 (A2M 2 , 4H); 6.80 (s, 1H); 5.30 (s. 2H); 5.12 (t, 1H); 4.37 (d, 2H); 3.90 (s, 3H); 2.52 
(t, 2H); 1.51 (quint., 2H); 1.27 (sext., 2H); 0.80 (t, 3H). 

The following intermediates shown below were also prepared by the procedures described in Part C or Parts C and 

55 D above. 
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K 



C0 2 CH 3 



n-butyl CI CH 2 OH 4-( 7 162-163 



n-butyl CI CH 2 OH 3-C 7 (oil)* 



n-butyl H CHjOH 4< 7 139-141 



"co 2 c^ 3 

C0 2 Me 



COjtBu 



n-butyl 1 CH 2 OH 4 Y' x > 125-126 




n-butyl CH 2 OH CI 4-/"^> 116-118 

C0 2 Me 
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MPCO) 

122-124 



180-180.5 



CN 



a NWR (200 MHz, CDClg) 5 7.82 (d o£ d, 1H); 7.58 
(t of d, 1H); 7.44 (t of d, 1H) ; 7.35 (d of d, 
1H); 7.11 (A 8 B a , 4H); 5.21 (s, 2H); 4.46 (s, 
2B); 2.59 (t, 2H); 1.60 (quint, 2H); 1.29 
(sext., 2H); 0.82 (t, 3H). 



PART E: Preparation of 1-f(3 f -CterboxvbiphenvM-vnma^ 

A solution of 0.30 g of 1-[(3'^rbomethoxybiphenyl-4-yl)metW^ in 16 

mL of ethanol and 8 mL of 10% aqueous sodium hydroxide was refluxed for 5 hours. After cooling, the reaction mixture 
was filtered, and the solvent was removed in vacuo. The residue was dissolved in water, and the solution was acidified 
to pH 3.5 using hydrochloric acid. The precipitated solid was recovered by filtration and recrystallized from aquous eth- 
anol to furnish 0.24 g of 1-[(3'-catooxybiphenyl-4-y0me^ (m.p. 180- 
181°); NMR(200 MHz, DMSO-dg): 88.26 (s, 1H); 8.04 (d. 1H); 7.77 (d, 1H);7.52(t. 1H); 7.36 (A 2 M 2 , 4H); 5.30 (s, 2H); 
4.48 (s. 2H); 2.57 (t, 2H); 1.64 (quint., 2H); 1.34 (sext., 2H); 0.87 (t, 3H). 

Example 86 

PART A: Preparation of l-r(3^Cart)omethoxvbiDhenvl-4-^ 

A solution of 5.00 g of 1 -[(3'-<»rbomethoxybipheny^ and 
1 .0 mL of cone, sulfuric acid in 200 mL of methanol was refluxed for 20 hours. After cooling, the solvent was removed 
in vacuo, and the residue was poured into saturated sodium bicarbonate solution. The resulting mixture was extracted 
with methylene chloride, and the combined organic phases were washed with water and brine, dried over anhydrous 
sodium sulfate, filtered, and concentrated in vacuo. Column chromatography on silica gel (elution: 0-20% ethyl ace- 
tate/benzene) furnished 5.35 g of 1-[(3'-cartx5methcxybiphenyM-yl)^ 

zole; NMR (200 MHz, CDCI3): 8 8.26 (t, 1 H); 8.03 (d of t, 1 H); 7.76 (d of t, 1 H); 7.51 (t, 1 H); 7.33 (A^, 4H); 5.20 (s, 
2H); 4.31 (s, 2H); 3.94 (s, 3H); 3.27 (s, 3H); 2.59 (t, 2H); 1.68 (quint., 2H); 1.34 (sext., 2H); 0.87 (t, 3H). 
The following intermediates were prepared or could be prepared using the above described procedure. 



93 



EP 0 324 377 B1 




-NUR (200 MHz, CDCI3) 6 7.82 (d, 1H, J- 7Hb) ; 
7.60 (t, IB, J= 7Hz); 7.38 (t, 1H, J= 7Hz) ; 
7.30 (d, IB, J* 7Ha); 7.26 (d, 2H, J= 10Ha); 
7.00 (d, 2H, J= 10Hz); 6.14 (■, 2H) ; 4.32 (s, 
2H); 3.63 (s, 3H) ; 3.28 (s, 3H) ; 2.60 (t, 2H, 
J= 7H«); 1.70 (t of t, 2B, J= 7,7H«); 1.36 (t 
of q, 2H, J= 7,7Ha); 0.80 (t, 3H, J= 7Bz) . 
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b -NUR (200 MHz, CDClg) 6 7.88 (d of d, 1H) ; 
7.63 (t of d, IB); 7.51 (t of d, 1H) ; 7.41 (d 
of d, 1H); 7.17 (A 2 B 2 , 4H) ; 6.20 (s, 2H); 4.30 
(s, 2H); 3.27 (s, 3H); 2.59 (t, 2H) ; 1.67 
(quint., 2B); 1.35 (sext., 2H) ; 0.87 (t, 3H) . 

c -NMH (200 MHz, CDClg) 6 7.84 (d, IB); 7.53 (t, 
1H), 7.40 (t, 1H); 7.29 (m, 3H) ; 7.04 (d, 2B) , 
5.22 (s, 2H); 4.36 (s, 2H) ; 3.65 (s, 3H); 3.61 
(sept., IB), 2.59 (t, 2B) ; 1.68 (quint., 2B) ; 
1.33 (sext., 2B); 1.14 (d, 6B) ; 0.88 (t, 3B) . 



> 



PART B: Preparation of H(3'-CarboxYbiphenyl-^ 

By the procedure described in Example 85, Part E, 3.35 g of the title compound was prepared from 5.35 g of 1 -[(3'- 
carbomethoxy)biphenyl-4-yl)methyn-2-butyl-4-chloro-5-methoxymethylimjdazole; NMR (200 MHz, CDCI 3 ) 8 8.33 (s, 
1H); 8.11 (d, 1H); 7.80 (d, 1H); 7.55 (t, 1H); 7.34 (AgMg, 4H); 5.21 (s, 2H); 4.32 (s, 2H); 3.27 (s, 3H); 2.63 (t, 2H); 1.68 
(quint., 2H); 1.34 (sext., 2H); 0.86 (t, 3H). 

Example 87 

Preparation of 1 -r(3'-Carboxybiphenv1-4-y1)m^ 

A solution of 0. 1 0 g of 1 -[(3'-carboxybiphenyl-4-y0me%0-2-buty^ 5 mg of N, N- 

dimethylaminopyridine, 0. 1 0 mL of acetic anhydride, and 0.1 4 mL of triethylamine in 8 mL of tetrahydrofuran was stirred 
for 4.5 hours at 25°. The reaction mixture was poured into water, and dilute aqueous sodium hydroxide was added until 
the pH of the solution remained in the range of pH 8-9. The solution was then acidified to pH 3.5 using 10% aqueous 
hydrochloric acid and extracted with ethyl acetate. "Rie combined organic phases were washed with brine, dried over 
anhydrous sodium sulfate and concentrated. Column chromatography on silica gel (elution: 0.5% i-propanol/chloro- 
form) furnished 0.065 g of 1-[(3'-carboxybiphenyl-4-yl)metrTyl]^ m.p. 172- 

173°; NMR (200 MHz, DMSOde): 8 8.17 (s, 1H); 7.93 (t, 2H); 7.61 (t, 1H); 7.43 (A 2 M 2 . 4H); 5.32 (s, 2H); 4.99 (s, 2H); 
2.60 (t, 2H); 1.76 (s, 3H); 1.53 (quint, 2H); 1.28 (sext.. 2H); 0.82 (t, 3H). 

Example 88 

Preparation of 1 -rra'-Trimethylacetoxymethoxv^ 

To a solution of 1.25 g of 1-[(3'-carboxybiphenyl-4-y0m in 10 mL 

of dimethyrformamide at 25° was added 0.17 g of sodium methoxide followed after 5 minutes by 0.45 g of chloromethyl 
trimethylacetate. The mixture was stirred at 25° for 4 days. The solvent was removed in vacuo and the residue was dis- 
solved in ethyl acetate. This solution was washed with water and brine, dried over anhydrous sodium sulfate, filtered 
and concentrated. Column chromatography on silica gel afforded 1.38 g of the product as a glassy solid. NMR (200 
MHz, CDCI 3 ) 8 7.87 (d, 1H); 7.54 (t, 1H); 7.43 (t, 1H); 7.29 (d, 1H); 7.11 (A 2 B 2 , 4H); 5.72 (s, 2H); 5.24 (s, 2H); 4.51 (s, 
2H); 2.61 (t, 2H); 2.06 (br s, 1H); 1.68 (quint, 2H); 1.36 (sext., 2H); 1.17 (s, 9H); 0.88 (t, 3H). 
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Example 89 

PART A: Preparation of 4'-methvlb iphenyl-2-carboxvlic acid 

5 Methyl 4'-methylbiphenyi-2-carboxylate (10.0 g, 44.2 mmol, 1 eq), 0.5 N KOH in methanol (265.5 mL, 133 mmol, 3 
eq). and water (50 mL) were mixed and ref luxed under N 2 . After 5 hours, the solvent was removed in vacuo and water 
(200 mL) and ethyl acetate (200 mL) added. The aqueous layer was acidified with concentrated hydrochloric acid to a 
pH of 3 and the layers were separated. The aqueous phase was extracted with ethyl acetate (2 x 200 mL), the organic 
layers collected, dried (MgS0 4 ) and the solvent removed in vacuo to yield 8.71 g of a white solid; m.p. 140.0-145.0. 

w IMMR (200 MHz, DMSO<l 6 ) 8 7.72 (d, 1 H, J= 7Hz); 7.56 (t, 1 H, J= 7Hz); 7.45 (d, 1H, J= 7Hz); 7.40 (t. 1 H, J= 7Hz); 7.25 
(s, 4H); 2.36 (s, 3H). Anal. Calcd. for C 14 H 12 0 2 ; C, 79.23; H, 5.70. Found: C, 79.22; H, 5.47. 

PART B: Preparation of 4' -Methyl -2-cyanobiphenvl 

is 4'-Methylbiphenyl-2-carboxylic acid (8.71 g, 41 mmol, 1 eq) and thionyl chloride (30.0 mL, 41 1 mmol, 10 eq) were 
mixed and ref luxed for 2 hours. The excess thionyl chloride was removed in vacuo and the residue was taken up in tol- 
uene. The toluene was removed by rotary evaporation and this toluene evaporation procedure was repeated to ensure 
that ail of the thionyl chloride was removed. The crude acid chloride was then added slowly to cold (0°C) concentrated 
NH 4 OH (50 mL) so that the temperature was kept below 15°. After 15 minutes of stirring, water (100 mL) was added 

20 and solids precipitated. These were collected, washed well with water and dried under high vacuum over P 2 0 5 in a 
dessicator overnight to yield 7.45 g of a white solid; m.p. 126.0-128.5°. NMR (200 MHz, DMSO-d 6 ) 8 7.65-7.14 (m, 
10H); 2.32 (s. 3H). Anal. Calcd. for C 14 H 13 NO: C, 79.59; H, 6.20; N, 6.63. Found C, 79.29; H, 6.09; N, 6.52. 

The above product amide (7.45 g, 35 mmol, 1 eq) and thionyl chloride (25.7 mL, 353 mmol, 10 eq) were mixed and 
ref luxed for 3 hours. The thionyl chloride was removed using the same procedure as described above. The residue was 

25 washed with a little hexane which partly solubilized the product, but removed the impurity as well to yield 6.64 g of white 
solid; m.p. 44.0-47.0°. NMR (200 MHz, DMSO-d 6 ) 8 7.95 (d. 1H, J= 8Hz); 7.78 (t, 1H. J= 7Hz); 7.69-7.32 (m, 6H); 2.39 
(s, 3H). Anal. Calcd. for C^H^N: C, 87.01 ; H, 5.74. Found: C, 86.44; H, 5.88. 

PART C: Preparation of 4'-bromomethyl-2-cyanobiphenyl 

30 

4'-methyl-2-cyanobiphenyl (5.59 g) was brominated in the benzylic position by the procedure in Example 85, Part 
B using benzoyl peroxide as an initiator. The product was recrystallized from ether to yield 4.7 g of product; m.p. 1 14.5- 
120.0°. NMR (200 MHz, CDCI 3 ) 8 7.82-7.37 (m, 8H); 4.50 (s, 2H). Anal. Calcd. for C 14 H 10 BrN: C, 61.79; H, 3.70; N, 
5.15. Found: C, 62.15; H, 3.45; N, 4.98. 

35 

PART D : Preparation of 2-n-butyl-4-chloro-1-[2^cyanobiphenyl-4-vl)methyl1-5-(hvdroxvmethvlMmidazole 

4'-Bromomethyl-2-cyanobiphenyl (4.6 g) was alkylated onto 2-n-butyl-4-chloro-5-(hydroxymethy0imidazole by the 
procedure described in Example 1, Part A. Work-up and flash chromatography in 1:1 hexane/ethyl acetate over silica 
40 gel to separate the regioisomeric products yielded 2.53 g of the faster eluting isomer. Recrystallization from acetonitrile 
yielded 1 .57 g of analytically pure product; m.p. 153.5-155.5°. NMR (200 MHz, CDCI 3 ) 8 7.82-7.43 (m. 6); 7.12 (d, 2, J= 
8Hz); 5.32 (s t 2); 4.52 (s, 2); 2.62 (t, 2, J= 7Hz); 1 .70 (t of t, 2, J= 7,7Hz); 1 .39 (t of q, 2, J= 7,7Hz); 0.90 (t, 3, J= 7Hz). 
Anal. Calcd. for C22H 22 CIN 3 0: C, 69.56; H, 5.84; N, 11.06. Found: C, 69.45; H, 5.89; N, 10.79. 

46 PART E: Preparation of 2-n-lxrtvl-4<hloro-5-hvdroxvm^ 

2-n-Butyl-4-chloro-1-[(2'K:yanobiphenyl-4-yl)methyO-5-(hydroxymethyl)imidazole (11.93 g) was converted to the 
above product by the procedure described in Example 90. Part C. The product was purified by flash chromatography in 
100% ethyl acetate to 100% ethanol over silica gel to yield 5.60 g of a light yellow solid. Recrystallization from ace- 

so tonttrile yielded 4.36 g of light yellow crystals which still melted broadly. The crystals were taken up in 100 mL of hot 
acetonitrile. The solid that did not dissolve was filtered off to yield 1 .04 g of product as a light yellow solid; m.p. 183.5- 
184.5°. Upon cooling, the mother liquor yielded an additional 1 .03 g of product as a light yellow solid; m.p. 179.0-180.0°. 
NMR (200 MHz, DMSO-d 6 ) 8 7.75-7.48 (m. 4H); 7.07 (d, 2H, J= 9Hz); 7.04 (d. 2H, J= 9Hz); 5.24 (s. 2H); 5.24 (bs, 1 H); 
4.34 (s, 2H); 2.48 (t. 2H, J= 7Hz); 1 .48 (t of t, 2H, J= 7,7Hz); 1 .27 (t of q, 2H, J= 7,7Hz); 0.81 (t. 3H, J= 7Hz). Anal. Calcd. 

55 for C^HgaClr^O: C, 62.48; H, 5.48; CI. 8.38. Found for the solids which did not dissolve in 100 mL of acetonitrile: C, 
62.73; H. 5.50; CI, 8.26. Found for the solids obtained from the mother liquor: C, 62.40; H, 5.23; CI, 8.35. 
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Example 90 

PART A: Preparation of 2 -n-Birtvl-4-chloro-5^hloromethyH -r(2^Yanobiphenvl-4-Yl)methvnimidazQle • HCI salt 

5 2-n-Butyl-4-ch!oro-5-hydraxymetr^ (15.00 g, 39.3 mmol, 1 eq) was 

converted to the chloride by the procedure in Example 1 , Part B. The reaction time was 5 hours. The crude solid product 
was washed with ether to remove the yellow color. The solid white powdery product was then dried under high vacuum, 
yield 10.02 g; m.p. 152.0-154.0°. NMR (200 MHz, CDCI 3 ) 8 7.85-7.46 (m, 6H); 7.20 (d, 2H, J=10Hz); 5.47 (s. 2H); 4.50 
(s. 2H); 3.06 (t, 2H, J= 7Hz); 1.82 (t of t, 2H, J= 7,7Hz); 1.45 (t of q, 2H, J= 7,7Hz); 0.94 (t, 3H, J= 7Hz). Mass Calcd. 

10 for C 2 2H2iCI 2 N 3 : 397.1113. Found: 397.1105. 

PART B: Preparation of 2-n-Butvl-4-ch loro-1-[(2'-cvanobiphen^ 

2-n-Butyl-4-ch!oro-5-chlorometh^^ salt (5.00 g, 11.5 mmol, 1 eq), 

75 sodium methoxide (1.37 g, 25.3 mmol, 2.2 eq) and methanol (100 mL) were mixed and stirred for 3 days. The solvent 
was removed in vacuo and ethyl acetate (200 mL) and water (200 mL) added. The layers were separated and the aque- 
ous layer was extracted with ethyl acetate (2 x 200 mL). TTie organic layers were dried (MgS0 4 ), the solvent removed 
in vacuo and the residue flash chromatographed over silica gel in 1 : 1 hexane/ethyl acetate to yield 4.06 g of a clear light 
yellow oil. NMR (200 MHz, CDCI 3 ) 8 7.82-7.43 (m, 6); 7.10 (d, 2H, J= 7Hz); 5.23 (s, 2H); 4.32 (s, 2H); 3.30 (s. 3H); 2.60 
20 (t, 2H, J= 7Hz); 1.70 (t of t, 2H, J= 7,7Hz); 1.38 (t of q, 2H, J= 7,7Hz); 0.89 (t, 3H, J= 7Hz). Anal. Calcd. for 
C23H24CIN3O: C, 68.1 1 ; H, 6.54; CI, 9.58. Found: C, 68.70; H, 6.1 1 ; CI, 9.51. Mass Calcd. for C23H24CIN30: 393.1607. 
Found: 393.1616. 

PART C: Preparation of 2-n-Butvl-4^hloro-5-methoxvmethyl-1-f(2 f -(1H-tetrazol-5-yl)biphenvl-4-methyl1im 

25 

2-n-Butyl-4-chloro-1-[2'-cyanobiphenyl-4-yl)methyl]-5-methoxymethyl)imidazole (3.94 g, 10 mmol, 1 eq), sodium 
azide (1.95 g, 30 mmol, 3 eq), and ammonium chloride (1.60 g, 30 mmol, 3 eq) were mixed and stirred in DMF (150 
mL) in a round bottom flask connected to a reflux condenser under N 2 . An oil bath with a temperature controller was 
then used to heat the reaction at 100°C for 2 days, after which the temperature was raised to 120°C for 6 days. The 

30 reaction was cooled and 3 more equivalents each of ammonium chloride and sodium azide were added. The reaction 
was again heated for 5 more days at 120°C. The reaction was cooled, the inorganic salts filtered, and the filtrate solvent 
removed in vacuo. Water (200 mL) and ethyl acetate (200 mL) were added to the residue and the layers were sepa- 
rated. The aqueous layer was extracted with ethyl acetate (2 x 200 mL), the organic layers were collected, dried 
(MgS0 4 ) and the solvent removed in vacuo, to yield a dark yellow oil. Flash chromatography in 100% ethyl acetate 

35 yielded 3.54 g of a white glass. NMR (200 MHz, CDCI 3 ) 8 7.83 (d. 1H, J= 7Hz); 7.59 (t, 1H, J= 7Hz); 7.50 (t, 1H, J= 
7Hz); 7.39 (d, 1H, J= 7Hz); 7.03 (d, 2H, J= 8Hz); 6.73 (d, 2H, J= 8Hz); 5.08 (S, 2H); 4.12 (s, 2H); 3.18 (s, 3H); 2.32 (t, 
2H, J= 7Hz);. 1.52 (t of t, 2H, J= 7,7Hz); 1.28 (t of q, 2H, J= 7,7Hz); 0.83 (t, 3H, J= 7Hz). Mass Calcd. for 
C 23 H25CIN 6 0:436.1178. Found: 436.1750. 

40 CAUTIONI The above reaction although uneventful in our hands can be potentially explosive! Crystals that sublimed 

and collected in the reflux condenser during the reaction were not analyzed, but potentially could be 
ammonium azide. Hydrazoic acid, which is shock sensitive, could also be potentially produced during the 
reaction and work-up. Extreme care should be taken! 

45 Example 91 

PART A: Preparation of 2 -butyl-4f5)-hvriroxvmethvl-5(4)-nrtroimidazole 

To a solution of 5.75 g of 2-butyl-4(5)-hydroxymethylimidazole (prepared as described in U.S. 4,355,040) in 200 mL 
50 of aqueous methanol at 25°C was added concentrated hydrochloric acid until the pH of the solution reached pH 3. The 
solvent was then removed in vacuo, and the residue was dissolved in 100 mL of chloroform. To this solution at 25° was 
added dropwise 15.0 mL of thionyl chloride, and the mixture was refluxed for 1 hour. After cooling, the solvent and 
excess thionyl chloride were removed invacuo. to provide a viscous yellow oil. 

To a solution of 20 mL of concentrated sulfuric acid and 1 0 mL of concentrated nitric acid at -1 0° was added a solu- 
55 tion of the yellow oil, prepared above, in 10 mL of concentrated sulfuric acid. The resulting mixture was heated on a 
steam bath for 2 hours. After cooling, the reaction mixture was poured onto water-ice, and the resulting emulsion was 
extracted with chloroform. The combined organic phases were washed with water and brine, dried over anhydrous 
sodium sulfate, filtered, and concentrated iayflCUQ. The residue was then dissolved in 100 mLof 1:12-propanol/water. 
The solution was then refluxed for 16 hours. Finally, after cooling, the solution was concentrated in vacuo. Column chro- 
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matography (elution: methanol/chloroform) afforded 2.64 g of 2-butyl-4(5)-hydroxymethyl-5(4)-nitroimidazole. NMR 
(200 MHz, DMSOkJ 6 ): 8 12.92 (br s. 1H); 5.80 (br t. 1H); 4.82 (d, 2H); 2.60 (t, 2H); 1.61 (quint., 2H); 1.25 (sext., 2H); 
0.84 (t, 3H). 

s PART B: Preparation of 1-[(2Mert-butoxvcarbonvlbip^^ 

This compound was prepared according to the procedure described in Example 85, Part C. From 2.64 g of 2 -butyl - 
4(5)-hydroxymethyl-5(4)-nitroimidazole and 5.55 g of tert-butyi 4'-bromomethyfbiphenyl-2-cartx)xylate there was 
obtained 2.05 g of 1-[(2Mert-butoxycaibonylbiphenyl-4-yl) methyl] -2-butyl-5-hydroxymethyl-4-nttroimidazole. NMR (200 
10 MHz, CDCI 3 ): 6 7.79 (d, 1H); 7.45 (m, 2H); 7.33 (d, 1H); 7.28 (d, 1 H); 7.03 (d. 2H); 5.34 (s, 2H); 4.87 (s, 2H); 2.81 (br 
s. 1H); 2.67 (t, 2H); 1.73 (quint., 2H); 1.37 (sext. 2H); 1.27 (s. 9H); 0.90 (t. 3H). 

PART C: Preparation of 14(2'^ifroxvbiphenvM-v1)me^ 

is A solution of 1.98 g of 1[(2'-tert-butoxycarbonylbiphenyM-yO^ 20 
mL of trrf luoroacetic acid, and 20 mL of methylene chloride was stirred at 25° for 1 hour. At this point, the solution was 
poured into water. The resulting mixture was adjusted to pH 3 using 10% sodium hydroxide solution and then extracted 
with chloroform. The combined organic phases were washed with brine, dried over anhydrous magnesium sulfate, fil- 
tered, and concentrated in vacuo . Column chromatography (elution: methanol/chloroform) provided 1 .49 g of 1-[(2'-car- 

20 boxybiphenyl-4-y0methyl]-24xi^ m.p. 204-205.5°. NMR (200 MHz, DMSO-de): 5 

7.71 (d, 1 H); 7.56 (t, 1H); 7.43 (t, 1 H); 7.32 (m, 3H); 7.15 (d, 2H); 5.63 (br s, 1H); 5.42 (s. 2H); 4.83 (s, 2H); 2.54 (t, 2H); 
1.50 (quint., 2H); 1.24 (sext., 2H); 0.76 (t, 3H). 

Example 92 

25 

PART A: Preparation of 1 -f(2Mert-butoxvrartx)rTvlbipherivl-4-^ 
thvQimidazole 

To a solution of 5.56 mL of 1 .6 M n-butyllrthium/hexane in 80 mL of tetrahydrofuran at 0° was added dropwise 1.15 
30 mL of I-butanol. To the solution was added 3.28 g of H(2'-tert-butoxycaroonylbiphenyl-4-yl)methyl]-2-butyl-5- 
hydroxymethyl-4-iodoimidazole followed by 1.15 mL of 2-methoxyethoxymethyl chloride. The resulting solution was 
stirred at 25° for 16 hours. The mixture was diluted with diethyl ether, washed with water and brine, dried over anhy- 
drous sodium sulfate, filtered and concentrated. Column chromatography afforded 2.61 g of 1-[2'-tert-butoxycarbonyl- 
biphenyl-4-yl)methy0-2-butyl-4-io^ NMR (200 MHz, CDCI3): 5 7.78 (d, 

35 1 H); 7.43 (m, 2H); 7.28 (m, 3H); 6.98 (d, 2H); 5.26 (s, 2H); 4.69 (s, 2H); 4.45 (s, 2H); 3.68 (m, 2H); 3.57 (m, 2H); 3.37 
(s, 3H); 2.58 (t. 2H); 1.67 (quint.. 2H); 1.34 (sext., 2H); 1.26 (s, 9H); 0.87 (t, 3H). 

PART B: Preparation of 1-K2'-tert43utoxvcaFbonvlbipher^^ 
trtfluoromethvlimidazole 

40 

To a suspension of 22.4 g of cadmium powder powder in 50 mL of dimethylformamide at 25° was added dropwise 
8.60 mL of bromochlodif luoromethane. The resulting mixture was stirred at 25° for 2 hours and then was filtered through 
a medium-fritted Schlenk funnel under nitrogen pressure to provide a dark brown solution of the trrfluoromethyl cad- 
mium reagent. 

45 To a mixture of 15 mL of the above solution and 20 mL of hexamethytphosphoric triamide at 0° was added 2.10 g 
of copper(l)bromide followed by 2.61 g of 1-[(2'-tert-butoxycarbony1biphenyl-4-^ 

yethoxymethoxymethyQimidazole in 5 mL of dimethylformamide. The reaction mixture was stirred at 70-75° for 6 hours. 
After cooling, the mixture was diluted with water and then extracted with methylene chloride. The combined organic 
phases were washed with water and brine, dried over anhydrous sodium sulfate, filtered, and concentrated. Column 
so chromatography (elution: ethyl acetate/hexane) afforded 2.30 g of 1-[(2 f -tert-txjtoxycarbonylbiphenyl-4-yl)methyI]-2- 
butyl-5-(2-methcixyethoxyme NMR (200 MHz, CDCI 3 ): 6 7.79 (d, 1H); 7.46 (m, 

2H); 7.28 (m, 3H); 7.00 (d, 2H); 5.28 (s. 2H); 4.71 (s. 2H); 4.58 (s. 2H); 3.66 (m, 2H); 3.54 (m, 2H); 3.38 (s, 3H); 2.62 (t, 
2H); 1.70 (quint., 2H); 1.36 (sext., 2H); 1.27 (s, 9H); 0.88 (t, 3H). 

55 PART C: Preparation of 1-r2'-carboxvbiphenvl-4-vnm^ 

A solution of 2.30 g of 1-[(2'-tert-butoxycartx>nyfoipheriyW^ 
5-trifluoromethylimidazole in 200 mL of 1.5 M aqueous tetrafluoroboric acid/acetonitrile was stirred at 25° for 18 hours, 
and then the mixture was poured into water. The resulting aqueous solution was adjusted to pH 3 employing saturated 
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sodium bicarbonate solution and then was extracted with chloroform. The combined organic phases were washed with 
brine, dried over anhydrous sodium sulfate, filtered, and concentrated. Column chromatography (elution: metha- 
nol/chloroform) provided 1.38 g of 1-[(2'-rarboxybipheny1-4-yt)methyf]^ 

zole (m.p. 198-199.5°). NMR (200 MHz, DMSO-d 6 ): 8 7.75(d, 1H); 7.54 (t, 1H); 7.43 (t, 1H); 7.32 (m, 3H); 7.10 (d, 2H); 
5.36 (S, 2H); 4.51 (S, 2H); 2.56 (t, 2H); 1.56 (quint, 2H) 1.30 (sext, 2H); 0.83 (t, 3H). 

Example 92A 

PART A: Preparation of 1 -r(2'-tert-butoxycait)onvlbiph 
pentafluoroe thylimidazole 

To 20 mL of the trifluoromethyl cadmium reagent prepared in Example 92, Part B was added 2.80 g of copper(l) 
bromide, and the resulting solution was stirred at 25° for 14 hours. At this point, 20 mL of hexamethylphosphoric tri- 
amide was added, followed by 1.90 g of 1-[(2'-tert-butaxycai1x)nylbiphen 

yethoxymethoxymethyl)imidazole in 5 mL of dimethyHormamide. The reaction mixture then was stirred at 70-75° for 6 
hours. After cooling, the mixture was diluted with water and then extracted with methylene chloride. The combined 
organic phases were washed with water and brine, dried over anhydrous sodium sulfate, filtered and concentrated. Col- 
umn chromatography (elution: ethyl acetate/benzene) afforded 1.71 g of 1-[2 f -tert-butoxycarbonylbiphenyl-4-yl)methyl]- 
2-butyl-5-(2-methoxyethoxymethoxymethyl)-4-pentafluoroethylimidazole. NMR (200 MHz, CDCI 3 ): 8 7.77 (d, 1H), 7.55- 
7.35 (n% 2H), 7.27 (m. 3H), 6.97 (d, 2H), 5.28 (s, 2H), 4.69 (s. 2H), 4.55 (s, 2H), 3.65 (m, 2H), 3.53 (m, 2H). 3.33 (s, 
3H), 2.63 (t, 2H), 1.68 (quint., 2H), 1.35 (sext., 2H), 1.26 (s, 9H), 0.87 (t, 3H). 

PART B: Preparation of 1 -r(2^carboxvbiphenyl-4-vnm^ 

This compound was prepared according to the procedure described in Example 92, Part C. From 1 .71 g of 1-[(2'- 
tert-birtoxycartoonylbiphenyl-4-y1)meth^ was 
obtained 0.72 g of 1-[(2'-carboxybiphenyl-4-yl)metriyl]-2-butyl-5-hydroxymethyl-4-pentaflu (mp 190- 

191°). NMR (200 MHz, DMSO-d 6 ): 8 7.72 (d, 1H), 7.61-7.42 (m, 2H), 7.34 (m, 3H), 7.11 (d, 2H), 5.50 (br s, 2H), 5.39 
(s, 2H), 4.50 (S, 2H), 2.55 (t, 2H), 1.50 (quint., 2H), 1.25 (sext, 2H), 0.80 (t, 3H). 

Example 92B 

PART A: Preparation of 2-butvl-1 -r(2^-cvanobiPhenyl-4-vl^methvl 1-5-hvdroxvmethvl-4-trrf luoromethvlimidazole 

This compound was prepared according to the procedures described in Example 92, Parts A-C. From 2-butyl-1- 
[(2'-cyanobiphenyl-4-yl)methyl]-5-hydroxymethyl-4-iodoimidazole was obtained 2-butyl-1-[(2'-cyanobiphenyl-4- 
yl)methy0-5-hydroxymethyl-4-trifluoromethylimidazole (mp 136.5-137.5°). NMR (200 MHz, CDCI 3 ): 8 7.76 (d, 1H), 7.64 
(t, 1H), 7.56-7.42 (m, 4H), 7.08 (d, 2H), 5.33 (s, 2H), 4.65 (d, 2H), 3.65 (t, 2H), 1.97 (br t, 1H), 1.69 (quint. 2H), 1.38 
(sext., 2H), 0.89 (t, 3H). 

PART B: Preparation of 2-butvl-5-hvdroxvmethvl-4-trffl^ 5-vQbiphenYl-4- 
y1)methyl]imidazole 

A solution of 6.45 g of 2-butyl-1-[(2'-cyanobiphenyl-4-y0methy0-5-hydroxymethy1-4-trrtluoromethytimidazole and 
4.00 g of trimethylstannylazide in 65 mL of xylene was stirred at 1 15-120°C. At 24 hours and at 48 hours into the reac- 
tion, 1 .00 g portions of trimethylstannylazide were added. After a total of 64 hours at 1 1 5-120°C, the mixture was cooled 
to 80°C and filtered to provide 10.22 g of an off-white solid. 

To a suspension of this solid in 60 mL of methylene chloride and 10 mL of THF at 25°C was added dropwise over 
several minutes 1.65 mL of 10 N aqueous sodium hydroxide solution, and the mixture was stirred at 25°C for 15 min- 
utes. To the reaction mixture then was added 4.60 g of triphenylmethylchloride and the resulting mixture was stirred at 
25°C for 2 hours. Finally the mixture was poured into water and then extracted with methylene chloride. The combined 
organic phases were washed with water and brine, dried over anhydrous sodium sulfate, filtered and concentrated. 
Recrystallization of the crude product from toluene/hexane afforded 7.59 g of 2-butyl-5-hydroxymethyl-4-trifluorome- 
thyl-1-[(2-'triphenylmethyrtetrazol-5-yl)biphenyl-4-yl)methyl]imidazole. 

NMR (200 MHz, CDCI 3 ): 8 7.93 (d of d. 1H), 7.46 (m, 2H), 7.35-7.08 (m, 12H), 6.90 (d, 6H), 6.71 (d, 2H), 5.13 (s, 
2H), 4.39 (d, 2H), 2.53 (t, 2H), 1.63 (quint. 2H), 1.30 (sext., 2H), 0.85 (t, 3H). 
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PART C: Preparation of 2-butvl-5-hvdroxvmethvl-1 -f(2'-(1 H-tetrazol-5-vl)biDhenvl-4-vnmethv!]-4-trff luoromethvfimida- 
zole 

A solution of 4.06 g of 2-butyl-5-hydroxymethy1-4-trtfluorometo^ 
5 yl)methyl]imidazole in 40 mL of 10% hydrochloric acid and 80 mL of tetrahydrofuran was stirred at 25° for 2 hours and 
then poured into water containing an excess of sodium hydroxide. The aqueous solution was washed with diethyl ether, 
adjusted to pH 3 with 10% hydrochloric acid, and then extracted with chloroform. The combined chloroform extracts 
were washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated. Column chromatography (elu- 
tion: 10% methanol/chloroform) furnished 2.04 g of 2-butyi-5-hydroxymethyl-1-t(2 , -(1H-tetrazol-5-yl)biphenyl-4- 
10 yl)methyt]-4-trtfluoromethylimidazole as an amorphous solid. 

NMR (200 MHz, DMSO-d 6 ): 6 7.68-7.47 (m, 4H), 7.02 (A2B2, 4H), 5.43 (br s, 1H), 5.27 (s, 2H), 4.44 (s, 2H), 2.47 
(t, 2H), 1.47 (quint., 2H), 1.22 (sext., 2H), 0.77 (t, 3H). 

Ex ample 93 

15 

PART A: Preparation of 4-azidomethvl-2 / -methoxycarbonylbiphenyl 

To a stirred solution of 4-bromoethyl-2'-methaxycarbonylbiphenyl (150 g, 0.49 mo!) in dry DMF (500 ml) was added 
NaN 3 (80 g. 1.23 mol, 2.5 eq). The mixture was stirred at room temperature overnight (ca. 18 hours), filtered, and the 
20 filtrate was partitioned between ethyl acetate and H 2 0 (500 ml each). The organic phase was washed twice more with 
H 2 0, once with saturated aqueous NaCI solution and dried over anhydrous magnesium sulfate before being filtered and 
concentrated to leave 1 1 1 .3 g (85%) of a yellow oil, used in the following step without further purification. NMR (CDCI 3t 
TMS, 8) 7.9-7.1 (m, 8H); 4.35 (s, 2H); 3.55 (s, 3H) IR V max 2487 cm* 1 . 

25 PART B: Preparation of 4-aminomethy1-2'-methoxvcarborwlbiphenvl hydrochloride 

The azido compound prepared above was dissolved in liter of methanol. The solution was divided into three equal 
volumes and placed in 500 ml Parr bottles. To each flask was added 6.7 g of 5% Pd on carbon (Caution: Pyrophoricl 
add under a N 2 atmosphere). The flasks were shaken on a Parr hydrogenator under 40-50 psi H 2 for 4-5 hours (over- 
do night is also acceptable). The mixture was suction filtered through a bed of Celite * and the filtrate was concentrated to 
leave a viscous yellow residue (88 g). This was dissolved in EtOAc (500 ml) to which was added with stirring a solution 
of EtOAc saturated with anhydrous HCI (100-150 ml) until precipitation was complete. The amine hydrochloric as pro- 
duced was suction filtered, washed with EtOAc and hexanes and dried under vacuum to afford 48.5 g (40% overall from 
the bromide) white solid; m.p. 204-208°. NMR (CDCI 3 , CD 3 OD; TMS) 6 7.9-7.25 (m, 8H); 4.2 (s, 2H); 4.1-3.8 (br, 3H; 
35 shifts in D 2 0); 3.6 (s, 3H). HRMS calcd. for C 15 H 15 N02 (free base); M/Z 241.1 103; Found: M/Z: 241.1045. 

PART C: Preparation of 1-K2'-carboxvbiphenyl-4-ynmet^ 

The title compound was prepared from methyl 4'-aminomethylbiphenyl-2-carboxylate by the procedures described 
40 in Examples 72, Parts A and B, and 85, Part E; m.p. 194-195°. 

The 4-biphenylmethyl compounds in Table 6 were prepared or could be prepared by the procedures illustrated in 
Examples 85-92B or by procedures previously described. 
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Table 6 (continued) 
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Table 6 (continued) 
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Table 6 (continued) 



Ex. 
No. R 



6 



8 




,13 



1241 n-propyl (CP 2 ) 5 CP 3 CHjOH 




(amorphous 
solid) 1 



124J n-propyl CgFg 



CHoOH 



124K n-propyl (Cf 2 h CF Z CH 2 0H 



124L n- butyl I 



CB n 0B 




NH 





(amorphous 
solid)* 



(amorp^ 
solid) 



ous 



(amorphous 
solid) 



107 



EP 0 324 377 B1 



-NMR (200 KHz, DMSO-d-) 5 7.89 (dd, 1H) ; 7.54 
(d of t, 1H); 7.43 (d of t, 1H) ; 7.33 (d, IB); 
7.16 (AjBg, 4fl); 6.76 (s, 1H) ; 6.24 (s, 2H); 
4.34 (s, 2H); 2.50 (t, 2H) ; 1.49 (quint, 2H) ; 
1.25 (sext, 2B); 0.80 (t, 3B) . 
-NMR (200 MHz, DMSO-dg) 6 7.70 (d, IB), 7.55 
(t, IB), 7.42 (t, IB), 7.28 (m, 3B), 7.10 (d, 
2B), 5.28 (s, 2B), 4.34 (s, 2B), 2.49 (t, 2B), 
1.49 (m, 2B), 1.18 (m, 4B) , 0.79 (t, 3H) . 
-NMR (200 MHz, CDClg/CDjOD) : 6 7.82-6.93 (a, 
8H); 6.21 (s, 2B) ; 4.47 (s, 2H) ; 2.55 (t, J= 
7.5hs, 2B); 1.70-1.59 (0, 2B) ; 0.02 (t, J= 7.5 
ha, 3B). 

-NMR (200 MHz, CDC 3 ) 0.65 (s, IB); 7.95-6.96 
(a, 8B); 5.51 (s, 2B); 2.59 (t, J= 7.5 he, 
2B); 1.70-1.63 (m, 2B) ; 0.92 (t, J= 7.6 ht, 
3B). 

-NMR (200 MBs, CDCI3) 6 7.76 (d, IB, J= 7Bb) ; 
7.67 (t, IB, J» 7Ba); 7.49 (t, IB, J= 7Bs) ; 
7.40 (d, IB, J= 7Hz); 7.02 (d, 2B, J= 8Hz) ; 
6.81 (d, 2B, J= 8Hz); 5.03 (s, 2B); 4.28 (s, 
2B); 2.46 (t, 2B, J= 7Bz) ; 1.47 (t of t, 2B, 
J= 7,7Bz); 1.17 (t of q, 2B, J= 7,7Bb); 0.73 
(t, 3B, J= 7Bs). 

-NMR (200 MBs, DMSO-dg) : S 7.71-7.50 (a, 4B), 
7.04 (AjBg, 4B), 5.26 (s, 2B), 4.32 (s, 2B) , 
2.46 (t, 2B), 1.45 (quint., 2B), 1.24 (sext., 
2B). 0.81 (t, 3B). 

-NMR (200 MHz, DMSO-dg): 6 16.25 (br s, IB), 
7.72-7.60 (m, 4B) , 7.05 (k£ 2 , 4B), 5.44 (br 
s , IB), 5.30 (s, 2B), 4.46 («, 2B), 2.47 (t, 
2B), 1.52 (sext., 2B) , 0.83 (t, 3B) . 
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b -NUR (200 MHz, DUSO-dg) : 6 7.72-7.50 (n, 4H) , 
7.05 (A^, 4H), 5.45 (bp s, 1H) , 5.32 (s, 
2H), 4.45 (s, 2B), 2.49 (t, 2H) , 1.44 (quint., 
2H), 1.22 (sext., 2H), 0.78 (t, 3H) . 

i -NUR (200 MHz, DUSO-d fl ): 6 7.73-7.53 (a, 4H), 
7.04 (AjBj, 4H), 5.48 (brs, 1H), 5.32 (a, 2H) , 
4.46 (s, 2H), 2.47 (t, 2H), 1.51 (sext., 2H), 
0.82 (t, 3H). 

j NUR (200 MHz, DUSO-dg): 6 12.74 (br s, 1H) , 
7.71 (d, 1H), 7.58 (t, 1H), 7.44 (t, 1H) , 7.34 
(m, 3H), 7.08 (d, 2H), 5.47 (br «; 1H), 5.40 
(s, 2H), 4.46 (s, 2H), 2.53 (t, 2H) , 1.55 
(sext., 2H), 0.84 (t, 3H) . 

k NUR (200 MHz, DMSO-dg): 6 7.73 (d, IB), 

7.62-7.32 (a, 5H) , 7.14 (d, 2H), 5.30 (s, 2H) , 
5.23 (br s, 1H), 4.34 (s, 2H), 2.56 (t, 2H), 
1.57 (sext., 2H), 0.87 (t, 3H) . 

1 NUR (200 MHz, DMSO-dg): 6 16.25 (br s, 1H), 
7.71-7.62 (a, 4H), 7.04 (AgBj, 4H) , 5.45 (br 
s, 1H), 5.34 (s, 2H), 4.44 (s, 2H) , 2.48 (t, 
2H), 1.50 (sext., 2H), 0.82 (t, 3H) . 

a NUR (200 MHz, DMSO-dg): 6 18.30 (br s, 1H), 
7.67-7.52 (a, 4H), 7.07 (A^, 4H), 6.33 (br 
s, 3H), 4.33 (s, 2H), 2.52 (t, 2H), 1.45 
(quint., 2H), 1.23 (sext., 2H) , 0.80 (t, 3H) . 



Example 125 

Preparation of l.K2^Caiboxvbiphenv1-4-vnm fi^ 

A mixture of 1.46 g of l-[2M»rt>axybiphenyl-4-yl)metrty1]-2-butyl-4^ and 7.30 g of 

activated manganese dioxide in 40 ml of tetrahydrofuran was stirred at 25°C for 5 days. The mixture was filtered through 
Celite®. and the filtrate was concentrated in vacuo. Column chromatography on silica gel (elution: 2-10% metha- 
nol/chloroform) followed by recrystallization from ethyl acetate afforded 0.71 g of 1-[(2'-catboxybipheny1-4-yl)methyf]-2- 
butyl-4-*loroitrtdazole-5-carboxaldehyde (m.p. 154-158°C (dec.)). NMR (200 MHz, DMSO-d 6 ) 6 12.85 (br s, 1 H). 9.77 
(S. 1 H). 7.77 (d. 1H). 7.62 (t, 1H). 7.50 (t. 1H), 7.40 (d, 1H), 7.26 (AaBg. 4H), 5.67 (s, 2H). 2.70 (t. 2H), 1.56 (quint.. 2H). 
1 .28 (sext., 2H). 0.83 (t, 3H). 
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Example 12Q 

Preparation of Methvl 1-rf2'^rboxYbiphenvM-Ynmet 

5 To a mixture of 1 .45 g of 1 -[(2'-c#rtx5xybiphenyi-4-y1)methy0-2-b^ and 0.91 

g of sodium cyanide in 20 ml of methanol at 25°C was added 0.32 mL of acetic acid followed by 7.25 g of manganese 
dioxide. The resulting mixture was stirred at 25°C for 40 hours. The reaction mixture was filtered through Celite®, and 
the filtrate diluted with water. The aqueous solution was adjusted to pH 3 using hydrochloric acid and extracted with 
m ethyl ene chloride. The combined organic phases were washed with brine, dried over anhydrous sodium sulfate, fil- 

10 tered, and concentrated. The crude product was recrystallized from diethyl ether to afford 0.90 g of methyl 1-[(2'-car- 
boxybiphenyM-yl)methyQ-24xjty^ (m.p. 154-155°C). NMR (200 MHz, DMSO-d 6 ); 5 

12.75 (br s, 1H), 7.73 (d, 1H) 7.58 (t, 1H), 7.46 (t, 1H), 7.34 (m, 3H), 7.07 (d, 2H), 5.63 (s, 2H), 3.78 (s, 3H), 2.67 (t. 2H), 
1.56 (quint., 2H), 1.29 (sext. 2H), 0.83 (t. 3H). 

15 Example 127 

Preparation of 1-[(2'-Carboxybiphenyl-4-y0meth^ 

Anhydrous ammonia as bubbled into 40 mL of i-propand until the solvent was saturated. To this solution at 25°C 
20 was added 0.49 g of powdered sodium cyanide, then 0.80 g of 1-[(2^rboxybiphenyl-4-yl)methyl]-2-butyl-4-chloroimi- 
dazole-5-carboxaldehyde, and finally 3.48 g of manganese dioxide. This mixture was stirred at 25°C for 65 hours. The 
reaction mixture was filtered through Celite®, and the filtrate concentrated in vacuo. The residue was dissolved in water, 
and the aqueous solution was adjusted to pH 3 using hydrochloric acid and then extracted with methylene chloride. The 
combined organic phases were washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated. 
25 Column chromatography on silica gel (elution: 0-10% i-propanol (chloroform) provided 0.22 g of 1-[(2'-carboxybiphenyl- 
4-yl)methyl]-2-butyl-4-chloroimidazole-5-carboxamide as a white solid (m.p. 200-202°C). NMR (200 MHz, DMSO-dg): 8 
12.74 (br s, 1H); 7.71 (d, 2H); 7.56 (t, 1H), 7.48-7.30 (m, 6H); 7.09 (s, 2H); 5.57 (s, 2H); 2.59 (t, 2H); 1.51 (quint., 2H); 
1 .26 (sext. 2H); 0.80 (s, 3H). 

so Example 129 

PART A: Preparation of 1 -r(2'-CarbomethoxvbiPhenvl-4-vnmethvn-2^^ 

A mixture of 2.06 g of 1-[(2'-cart)omethoxybiphenyl-4-y0m and 
35 3.08 g of activated manganese dioxide in 20 mL of methylene chloride at 25°C was stirred for 40 hours. The reaction 
mixture was filtered through Celite®, and the filtrate concentrated in vacuo. Column chromatography (elution: ethyl ace- 
tate/benzene) provided 1.15 g of 1-[(2'-cait>omethoxybiphenyl-4-yl)mefr 

hyde. NMR (200 MHz, CDCI 3 ) 5 9.76 (s. 1H); 7.83 (d of d, 1H); 7.52 (t of d, 1H); 7.40 (t of d, 1H); 7.31 (d of d, 1H); 7.17 
(A^, 4H); 5.58 (s. 2H); 3.63 (s, 3H); 2.67 (t, 2H); 1.70 (quint, 2H); 1.38 (sext., 2H); 0.90 (t. 3H). 

40 

PART B: Preparation of 1 •f(2-CarbomethoxYbiphenyl-4-yl)methyl1-2-(1 •bromobutYl)-4'Chloroimidazole-5-carboxalde- 
hyde 

A mixture of 1.12 g of 1-[(2'K»rbomethoxybiphenyl-4-yl) methyl] -2-butyl-4-chloroimidazole-5-carboxaldehyde and 
45 0.49 g of N-bromosuccinimide in 40 mL of CCI 4 was irradiated (UV-lamp, pyrex filter) for 0.5 hours. The reaction mixture 
was filtered, and the filtrate was concentrated in vacuo. Column chromatography (elution: ethyl acetate/benzene) 
afforded 0.54 g of 1-[(2'-c»it>omethoxybiphenyl-4-yl)mefr^ 

NMR (200 MHz, CDCI 3 ) 8 9.87 (s, 1H); 7.86 (d, 1H); 7.54 (t, 1H); 7.46 (t, 1H); 7.30 (m, 3H); 7.11 (d, 2H); 6.16 (d, 1H); 
5.32 (d, 1H); 4.79 (t. 1H); 3.65 (s. 3H); 2.32 (m, 2H); 1.34 (sext., 2H); 0.83 (t t 3H). 

50 

PART C: Preparation of 1 ■f2 f -Carbomethoxybiphenvl-4'yl)methvl1-2-( 1 ■trans-butenvl V4-chloroimidazole-5-carboxalde- 
hyde 

A solution of 0.54 g of 1-[2'«»rbomethoxybiphenyl-4-^ 
55 hyde and 0.33 mL of 1 ,8-diazabicyclo[4.5.0]undec-7*ene in 10 mL of tetrahydrofuran was stirred at 25°C for 18 hours, 
the reaction mixture was diluted with diethyl ether, washed with dilute hydrochloric acid, water, and brine, dried over 
anhydrous sodium sulfate, filtered, and concentrated in vacuo. Column chromatography (elution :ethyl acetate/benzene) 
furnished 0.26 g of 1-[(2'K»rtx)methoxybiphenyM-^ 

NMR (200 MHz, CDCI 3 ) 8 9.75 (s. 1H); 7.82 (d. 1H); 7.51 (t, 1H); 7.40 (t, 1H); 7.33-7.07 (m, 6H); 6.27 (d, 1H); 5.62 (s, 
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2H); 3.62 (s, 3H); 2.30 (quint., 2H); 1.09 (t, 3H). 

PART D: Preparation of 1 -K2'-CarbomethoxvbiPhen^ 
zole 

5 

To a solution of 0,26 g of 1-[(2'<arbomethoxyttphenyl-4^ 
boxaldehyde in 1 0 mL of methanol at 0°C was added 0.24 g of sodium borohydride portionwise over 0.5 hours. TTie mix- 
ture was stirred for an additional 0.5 hours at 0°C and then poured into a solution at 10% sodium hydroxide in water. 
The resulting mixture was extracted with ethyl acetate, and the combined organic phases were washed with brine, dried 
10 over anhydrous sodium sulfate, filtered, and concentrated in vacuo. Column chromatography (elution:ethyl acetate/ben- 
zene) provided 0.23 g of 1-[2'-catoomethoxybiphenyl-4-yl)me^ 

zole. NMR (200 MHz, CDCI 3 ) 8 7.84 (d, 1H); 7.53 (t, 1H); 7.40 (t, 1H); 7.29 (m, 3H); 7.08 (d, 2H); 6.86 (d of t, 1H); 6.17 
(d, 1H); 5.30 (s. 2H); 4.54 (br s, 2H); 3.63 (s, 3H); 2.23 (quint., 2H); 1.04 (t, 3H). 

15 PART E: Preparation of 1-K2'-CarboxvbiPhenvl-4-vn^^ 

This compound was prepared according to the procedure described in Example 85, Part E. From 0.23 g of 1 -l{2'- 
carbomethoxybiphenyl-4-yl)metty^ there was obtained 0.16 g 

of l-[2'-carboxybiphenyl)-4-yl)methy^ (m.p. 1 98.5-1 99.5°C). 

20 NMR (200 MHz, DMSO-d 6 ) 8 7.71 (d, 1 H); 7.56 (t, 1 H); 7.44 (t, 1 H); 7.32 (m, 3H); 7.1 1 (d, 2H); 6.62 (d of t, 1 H); 6.39 
(d, 1H); 5.38 (s, 2H); 5.33 (br s. 1H); 4.35 (br s, 2H); 2.18 (quint, 2H); 0.99 (t, 3H). 

Example 129 

25 Preparation of 1 -f f2 f -Carboxvbiphenvl-4-vl)methvn-2-( 1 -trans-butenvn^- chloroimidazole-S-carboxaldehyde 

This compound was prepared according to the procedure of Example 125. From 0.50 g of 1-[2'-carboxybiphenyl- 
4-yl]-2-(1-trans-butenyl)-4-chloro-5-hydroxymethylimidazole and 2.50 g of manganese dioxide was obtained 0.24 g of 
1-[(2'-carboxybiphenyl-4-yl)m^ (m.p. 164-166°C). NMR 

so (200 MHz, DMSO-d 6 ) 8 12.79 (br s, 1H); 9.70 (s, 1H); 7.72 (d, 1H); 7.57 (t,.1H); 7.46 (t, 1H); 7.33 (m, 3H); 7.15 (d. 2H), 
7.01 (d of t, 1H); 6.65 (d, 1H); 5.71 (s, 2H); 2.28 (quint., 2H); 1.04 (t, 3H). 

The compounds in Table 7 were prepared or could be prepared employing the procedures described in Examples 
125-129 or by procedures described previously. 
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Table 7 (continued) 



No! l! Rf MPf'C) 



CO.H 



134 n-butyl CI CONHCH- 4-C 7 (amorphous 

3 x 7 solid) 0 




CO.K 



135 n-butyl CI C0N(CH 3 ) 2 4-^ } (amorphous 

solid) 




COJt 



136 CH 3 CH=CH- CI CBgOB 




CO.H 



137 CH 3 CH 2 CH=CH- CPj CHgOH 4 \ -R 7 2l7 ~ 219 




CO.H 



138 CH 3 CH=CH- CI CHO 




/ \ 



130 CB 3 CB 2 CH=CH- CI CH 2 0B iSid)^° U * 




/ \ 



140 CH 3 CH 2 CH=CH- CI CHO 
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Table 7 (continued) 



Ex. 
No. R 
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R 13 



140A n-propyl CFg CBO 



140B n-propyl CP 0 CP^ CHO 




ous 



140C n-propyl CFg CHO 




(amorphous 
solid) 11 




140E n-butyl Br CHO 




(amorphous 
solid) 1 



140P CB 3 CB 2 CH-CH- CFg CBO 




134-135.5 
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Table 7 (continued) 



Ex. 

No. R 
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140G n-propyl 



CP 2 CP 3 CHO 





(amorphous 
solid) 1 



MOB n-butyl CPg 



C0 2 CH 3 




(aaorphous 
solid)* 



1401 n-butyl CP3 



C0 2 CH 2 CH 3 N^N 




(saorpbous 

solid) 1 



140 J n-butyl CPg CONHg 



140K n-butyl I CHO 



140L n-butyl CI OHO 



224.5-225.5 




A (amorphous 
fNH 8 olid) fi 





184.5-187.5 



115 



EP 0 324 377 B1 



-NMR (200 MHz, DMSO-dg) 6 12.76 (br s, IB); 
9.67 (s, 1H); 7.93 (s, 1H); 7.71 (d, 1H) ; 7.55 
(t, IB); 7.43 (t, IB); 7.30 (m, 3B) ; 7.06 (d, 
2B); 5.63 (s, 2B); 2.67 (t, 2B); 2.67 (quint., 
2B); 2.27 (sext. 2B) ; 0.81 (t, 3H) . 
-NMR (200 MHz, DMSO-dg): 6 9.87 (s, IB), 
7.67-7.47 (b, 4B), 7.01 (AjBj, 4B), 5.83 (s, 
2B), 2.66 (t, 2B), 1.53 (quint., 2B) , 1.25 
(sext., 2B), 0.78 (t, 3B) . 
-NMR (200 MHz, DMSO-dg) 6 12.75 (br s, IB); 
8.10 (br quart., IB); 7.72 (d, IB); 7.67 (t, 
IB); 7.45 (t, IB); 7.32 (m, 3B) ; 7.10 (d, 2B) ; 
5.51 (s, 2B); 2.75 (d, 3B); 2.58 (t, 2B) ; 1.52 
(quint., 2B); 1.27 (sext., 2B); 0.81 (t, 3fl). 
-NMR (200 MHz, DMSO-d fl ) 6 12.77 (br s, IB); 
7.73 (d, IB); 7.67 (t.lB); 7.45 (t, IB); 7.33 
(b, 3B); 7.09 (d, 2B) ; 5.20 (br s, 2B) ; 2.83 
(s, 3B); 2.73 (t, 2B) ; 2.66 (s, 3B); 1.63 
(quint., 2B); 1.36 (sext., 2B); 0.89 (t, 3B). 
-NMR (200 MHz, DMSO-Dg): S 7.51-7.71 (a, 4fl); 
6.94-7.23 (a, 4B); 6.53-6.76 (a, IB); 6.32 (d, 
IB, J= 7Bz); 5.34 (s, 2fl); 4.34 (s, 2B); 
2.10-2.30 (a, 2B); 0.98 (t, 3B, J= 7Hz) . 
-NMR (200 MBs, DMSO-Dg) : 6 12.79 (br s, IB), 
9.95 (s, IB), 7.69 (d, IB), 7.67 (t, IB), 7.45 
(t, IB), 7.35 (a, 3B), 7.12 (d, 2B), 6.72 (s, 
2B), 2.72 (t, 2B), 1.64 (sext. 2B) , 0.88 (t, 
3B). 

-NMR (200 MBs, DMSO-Dg) : 6 12.79 (br s, IB), 
9.93 (s, IB), 7.72 (d, IB), 7.67 (t, 2B), 7.45 
(t, 2B), 7.33 (a, 3B), 7.08 (d, 2B), 6.70 (s, 
2B), 2.73 (t, 2B), 1.63 (sext., 2B), 0.86 (t, 
3B). 
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b -NUR (200 UBz, DMSO-Dg) : 6 9.90 (s, 1H) , 

7.72- 7.50 (n, 4B), 7.04 (A^, 4B), 5.64 (s, 
2H), 2.66 (t, 2B), 1.59 (sext., 2H), 0.84 (t, 
3H). 

i -NMR (200 UBz, DUSO-Dg): 5 9.57 (s, 1H), 
7.69-7.47 (m, 4B), 7.01 (AgBj, 4B), 5.66 (s, 
2H), 2.59 (t, 2H), 1.50 (quint., 2B) , 1.24 
(sext., 2B), 0.78 (t, 3B) . 

j -NMR (200 UBz, DUSO-Dg): 0 9.02 (s, IB), 

7.73- 7.52 (m, 4B) , 7.05 (AgBj, 4B), 5.67 (s, 
2B), 2.68 (t, 2B), 1.57 (sext., 2B), 0.84 (t, 
3B). 

k -NUB (200 UBz, DUSO-Dg): 6 16.35 (br s, IB), 
7.73-7.51 («, 4B) , 7.03 (A^, 4B), 5.67 (s, 
2B), 3.78 (s, 3B), 2.67 (t, 2B) , 1.56 (quint., 
2B), 1.28 (sext., 2B), 0.83 (t, 3B) . 

1 -NUB (200 UHz, DUSO-Dg) : 6 7.73-7.60 (■, 4B), 
7.03 (A^g, 4B), 5.57 (s, 2B), 4.24 (quart., 
2B), 2.66 (t, 2B), 1.66 (quint., 2B) , 1.28 
(sext., 2B), 1.19 (t, 3B), 0.82 (t, 3B) . 

o -NUB (200 UBz, DUSO-Dg): 6 16.25 (br s, IB), 
9.47 (s, IB), 7.71-7.49 (», 4B), 7.03 (A^, 
4B), 5.58 (s, 2B), 2.61 (t, 2B), 1.51 (quint., 
2B), 1.25 (sext., 2B), 0.81 (t, 3B) . 



Example 141 

PART A: Preparation of l-f^-Aminobiphenvl-^vnmetM^ 

A solution of 4.40 g of 1-[(2'-nitrobiphenyl-4-y0me%^ 2.10 g of iron 

powder, 4.25 mL of glacial acetic acid, and 200 mL of methanol was ref luxed for 5 hours. After cooling, the solvent was 
removed in vacuo, and the residue was dissolved in ethyl acetate. The precipitated iron salts were removed by filtration 
through Celrte®, and the resulting solution was washed with water and brine, dried over anhydrous sodium sulfate and 
concentrated. Column chromatography on silica gel (elution: 10-30% ethyl acetateybenzene) furnished 2.95 g of 1-[2'- 
aminobiphenyl-4-y0me%Q-2^utyl-4-chlc)ro-5-methoxymethylimida2ole; NMR (200 MHz, CDCI 3 ): 8 7.43 (d, 2H); 7.19- 
7.04 (m, 4H); 6.80 (m, 2H); 5.19 (s, 2H); 4.33 (s, 2H); 3.70 (br s, 1H); 3.28 (s, 3H); 2.59 (t, 2H); 1.67 (quint., 2H); 1.34 
(sext.,2H); 0.87 (t, 3H). 

PART B: Preparation of l-te'-Trifluoromethanesulfonami 
dazole 

To a solution of 2.95 g of 1-[(2'-aminobiphenyM-yl)methyO-2-^ and 1.07 
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ml_ of triethylamine in 30 mL of methylene chloride at -78° was added 2.59 mL of trifluoromethanesulfonic anhydride 
dropwise at such rate that the reaction temperature remains below -50°. Following the addition, the reaction mixture 
was allowed to warm slowly to 25°. At the point the mixture was poured into dilute aqueous acetic acid. The resulting 
suspension was stirred vigorously for several minutes and then extracted with methylene chloride. The combined 
5 organic phases were washed with water and brine, dried over anhydrous sodium sulfate, filtered and concentrated. Col- 
umn chromatography on silica gel (etution: 20-50% ethyl acetate/benzene) afforded 0.80 g of 1 -[(2'-trrf luoromethanesul- 
fonamidobiphenyl-4-yl)methyq-243Uty^^ m.p. 148-150°; NMR (200 MHz, CDCI3): 8 

7.60 (d, 1H); 7.44-7.27 (m, 5H); 7.07 (d, 2H); 5.20 (s, 2H); 4.29 (s, 2H);3.27 (s, 3H); 2.57 (t. 2H); 1.65 (quint., 2H); 1.35 
(sext..2H);0.88 (t. 3H). 

10 Examples 142 to 147 can or could be prepared by the procedures described in Example 141 using the appropriate 
starting material. 
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13 



No!, r 7 a 8 a 13 mpco 



NHSO,CF 3 




142 n-butyl H CBgOCHj 4 



25 NHS0 2 CPj 

143 n-hexyl CI CH^ 4 




NHSO,CPj 



144 n-butyl CI CH„0B 4-C n 171-172 




NHSO.CFj 



145 PCH 2 Ce 2 CH 2 CH 2 - CI CBgOH 4 




NHSOjCFj 



146 H0 2 CCB 2 CH 2 CH 2 CH 2 - CI CHgOH 4 




NHS0 2 CF 3 



147 CH 3 0 2 COH 2 CH 2 - CI CBgOB 4 
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Example 148 

PART A: Preparation of 2-Buty1-1-f(2'-carbomethoxvbiphenvl-4-vn^ * HQ salt 

5 2-Butyl-1 -[(2'^ibomethoxybiphenyM-yl)meto ■ HQ salt was prepared from 

2-butyl-1-[(2'-carbomethoxybiphenyl-4-yl)metty^ using the procedure of Example 

1, Part B; m.p. 156.0-161.0°. NMR (200 MHz CDCI3) 8 7.90 (d, 1H, 7Hz); 7.56 (t. 1H, J= 7Hz); 7.45 (t, 1H t J= 7Hz); 
7.43-7.26 (m, 3H); 7.12 (d, 2H, J= 8Hz); 5.47 (s, 2H); 4.48 (s. 2H); 3.70 (s, 3H); 3.14 (t, 2H, J= 7Hz; 1 .80 (t of t, 2H, J= 
7,7Hz); 1.44 (t of q, 2H, J= 7,7Hz); 0.92 (t, 3H, J= 7Hz). Anal. Calcd. for C23H24CI 2 N 2 0 2 • HQ: C. 59.05; H, 5.39; N, 

10 5.99. Found: C, 58.80; H, 5.48; N, 5.69. Mass Calcd. for C23H24Q2N2O2: 430.1215. Found 430.1215. 

PART B: Preparation of 5-Azidomethvl-2-n-butvl-1-K2'-carbom 

2-Butyt-1-[(2'-rartwmethoxybiphen • HQ salt (3.31 g, 7.67 mmol, 

15 1 eq), sodium azide (1 .50 g, 23.0 mmol, 3 eq) and DMSO (100 mL) were mixed and stirred overnight. Water was then 
added (500 mL) and the aqueous extracted with ethyl acetate (3 x 300 mL). The organic layers were dried (MgS0 4 ) and 
concentrated to yield 3.48 g of product as an oil. NMR (200 MHz, CDQ 3 ) 8 7.85 (d, 1 H, J= 7Hz); 7.54 (t, 1 H, J= 7Hz); 
7.40 (t, 1 H, J= 7Hz); 7.28 (d, 2H, J= 8Hz); 7.00 (d, 2H, J= 8Hz); 5.20 (s, 2H); 4.23 (s, 2H); 3.67 (s, 3H); 2.63 (t, 2H, J= 
7Hz); 1.73 (t of t, 2H, J= 7 t 7Hz); 1.39 (t of q, 2H, J= 7,7Hz); 0.91 (t. 3H, J= 7Hz). Mass Calcd. for C23H24CIN502: 
20 438. 1 697. Found : 438. 1 669. 

PART C: Preparation of 5-Aminomethy1-2-butYl-1 -[(2'k^ 

5-Azidomethyl-24>utyl-1-[(2'-cato (3.48 g) was hydrogenated at 1 

25 atm in methanol (100 mL) over 10% palladium/carbon (0.5 g). After 1 hour, the mixture was filtered through Celite® and 
the solvent removed in vacuo to give product (2.80 g) as an oil. NMR (200 MHz, CDCI3) 8 7.84 (d, 1H, J= 7Hz); 7.52 (t, 
1H, J= 7Hz); 7.40 (t, 1H, J= 7Hz); 7.30 (d, 1H, J= 7Hz); 7.26 (d, 2H, J= 8Hz); 7.02 (d, 2H, J= 8Hz); 5.27 (s, 2H); 3.74 
(s, 2H); 3.65 (s, 3H); 2.60 (t, 2H, J= 7Hz); 1.67 (t of t. 2H, J= 7.7Hz); 1.36 (t of q, 2H, J= 7,7Hz); 0.86 (t, 3H, J= 7Hz). 
Anal. Calcd. for C23H 26 CIN 3 02 ■ (DMSO) 05 : C, 63.91 ; H, 6.48; N, 9.32. Found: C. 63.78; H, 6.30; N, 9.14. 

30 

PART D: Preparation of 5-Aminomethy|-2-buty1-H(2'-carboxYbfr^ 

5-Aminomethyl-2-butyl-1-[(2'-carbometh^ (1.64 g. 3.98 mmol, 1 eq), 

0.5N KOH in methanol (1 1 .96 mL, 5.98 mmol, 1 .5 eq), water (1 .0 mL) and methanol (20 mL) were mixed and ref luxed 
35 under N 2 overnight. The solution was then brought to neutrality with 1N HQ and the solvents removed in vacuo . The 
residue was then taken up in DMF and the salts filtered off. The DMF was then removed in vacuo to yield 1 .76 g of a 
glass. NMR (200 MHz, DMSOd 6 ) 8 7.50 (d, 1H, J= 7Hz); 7.40-7.18 (m, 5H); 6.92 (d, 2H, J= 8Hz); 6.50 (bm, 3H); 5.26 
(s, 2H); 3.60 (s, 2H); 2.55 (t. 2H, J= 7Hz); 1 .51 (t of t. 2H, J= 7,7Hz); 1 .27 (t of q, 2H, J= 7,7Hz); 0.81 (t. 3H, J= 7Hz). 

40 PART E: Preparation of 2-ButvM-rr2'-cartoxvbiph^ 

2-Butyl-1-[(2'-c»rboxybiphenyl-4-yl)me^ was prepared from 

5-aminomethyl-2-n-butyM-[(2'-c»rtx)^ using ethyl chloroformate and the 

Schotten-Baumann procedure described in Example 209, Part B: m.p. 144.0-147.0°. NMR (200 MHz, DMSO-de) 8 
45 12.74 (s. 1H); 7.73 (d. 1H, J= 7Hz); 7.63-7.27 (m. 5H); 7.03 (d. 2H, J= 10Hz); 5.27 (s. 2H); 4.60 (bd. 2H, J= 7Hz); 3.90 
(q, 2H. J= 7Hz); 3.34 (s. 2H); 2.47 (t, 2H, J= 7Hz); 1 .38 (t of t, 2H, J= 7,7Hz); 1 .24 (t of q, 2H, J= 7,7Hz); 1 .06 (t, 3H, J= 
7Hz); 0.78 (t, 3H, J=7Hz). Anal. Calcd. for C25H28CIN3O4 • (^0)0.33: C, 63.17; H, 6.06; N, 8.83. Found: C, 63,30; H, 
6.35; N, 8.44. 

Examples 149-159 in Table 9 were prepared or could be prepared using the appropriate chloroformate by the pro- 
50 cedure described in Example 148, Parts D and E (the order of which may be interchanged by one skilled in the art) i.e.. 
starting with the amino ester from Part C. reacting it with a chloroformate under Schotten-Baumann type conditions fol- 
lowed by hydrolyzing the ester if necessary. 
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Table 0 



H 



o 

NHCOR 



■ox 



Ex. 

No. 


*!! 




B 


149 


n-butyl 


01 


C 6 H 5 


150 


n-butyl 


CI 


CB 3 


151 


n-butyl 


CI 


CD 2 0H 2 CD 3 


152 


n-butyl 


CI 


CH 2 (CH 3 ) 2 


163 


n-butyl 


CI 


CH 2 CH 2 CH 2 CH 


164 


n-butyl 


CI 


1-adaaantyl 


155 


n-propyl 


CI 


CB 3 



156 n-butyl CI CHj 



157 n-butyl CI (CB^CBg 



158 n-propyl CI CH 3 



159 n-propyl H CBgCBg 



13 



R 



COgH 
CO^ 
CO^ 
CO^ 
C0 2 B 
C0 2 B 

co 2 e 

A 



IK 
H 



% 

M 



H 
N~K 



wee) 

198.0-200.0 
161.0-155.0 
115.5-117.0 
135.5-138.0 
123.0-125.0 
170.0-172.0 



202.0-204.5 



Examples 160-1 64 in Table 10 were prepared or could be prepared from 2-n-butyl-1 -[(2'-carbomethoxybiphenyl- 
yOmethyO"5-chloro-4-(hydroxyme1hyl)imida20le using the procedures in Example 148. 
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Table 10 




Ex. 
No. 


R» 


*! 


R 




160 


n-butyl 


Cl 


ci 3 


COOH 


161 


n-butyl 


CI 


CH 2 CH 3 


COOH 


162 


n-butyl 


01 


CH 2 CB 2 CH 3 


COOH 


163 


n-butyl 


01 




COOH 


164 


n-butyl 


01 


CH(CH 3 ) 2 


COOH 



MPCC) 
200-205 



166.5-160.5 



Example 165 

PART A: Pre paration of 2-n-Butvl-1 'ffa^cartxamethoxybiphenyi^-yQmethyq-A-chloro-S-fl -naphthvlaminocarbonylami- 
nomethyl)imidazole 

5-Aminomethyl-2-butyl-1-[(2'-carbomtf^ (1.00g, 2.4mmol, 1 eq) and 1- 

naphthyl isocyanate (0.35 mL, 2.4 mmol, 1 eq), were mixed and stirred in chloroform at room temperature for 3 days. 
The solvent was removed in vacuo and the residue was purified by flash chromatography over silica gel in 1:1 hex- 
ane/ethy! acetate to yield 770 mg of a white glass. NMR (200 MHz, CDCI 3 ) 6 7.83 (d. 3H, J= 6Hz); 7.67 (d, 1 H, J= 6Hz); 
7.56-7.18 (m, 9H); 6.97 (d, 2H, J= 7Hz); 6.74 (s, 1H); 5.27 (s, 2H); 4.74 (s, 1H); 4.39 (d, 2H, J= 7Hz); 3.58 (s, 3H); 2.60 
(t, 2H, J= 7Hz); 1.43-1.21 (m, 4H); 0.85 (t, 3H, J= 7Hz). 

PART B: Preparation of 2-n-Butvl-1 -f^^canboxvbiphenvl-^vnmethyn^-chloro-S^I -naphthvlaminocarbonylami- 
nomethyl)imidazole 

The title compound was prepared from 2-n^uty1-1-[(2'-carbomethoxybiphe 
aminocarbonylaminomethyl)imidazole by the hydrolysis procedure described in Example 148, Part D. Work-up yielded 
380 mg of white crystalline solid; m.p. 169-175°. NMR (200 MHz, DMSO-de) 8 8.45 (s. 1 H); 8.05-7.03 (m, 15H); 6.97 
(s t 1 H); 5.34 (s, 2H); 4.30 (d, 2H, J= 5Hz); 2.52 (t, 2H, J= 7Hz); 1 .48 (t of t. 2H, J= 7.7Hz); 1.21 (t of q, 2H, J= 7,7Hz); 
0.85 (t, 3H, J= 7Hz). Anal. Calcd. for C33H31CIN4O& • (H 2 O) 0 5 : C. 68.77; H, 5.60; N, 9.70. Found: C, 68.88; H, 5.67; N, 
9.70. 

Examples 166-172 in Table 1 1 were prepared or could be prepared using the appropriate isocyanate by the proce- 
dure described in Example 165. 
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Table 11 



E 



ft ./"\ H - B - 




nL r! £ i si! "Pf 0 ) 

166 n-Bu CI CH 3 COgH 187-193 

167 o-Bu CI CH 2 CH 3 COgH 

168 n-Bu CI CB 2 CH 2 CH 3 CO B 
160 n-Bu CI CB 2 CB 2 CB 2 CB 3 C0 2 B 

170 n-Bu 01 0B(CB 3 ) 2 CO B 

171 n-Bu CI fjgl C0 2 B 163-166 




35 X72 n-Bu CI 1-adamantyl 



Example 173 

Preparation of 2-n-Butvl-4-chloro-5-methoxvmethvl-1^ 



2-n-Butyl-1-[(2'-cartx>xybiphenyl-4-yl)m (1.0 g) was first converted to 

the corresponding acid chloride and then coupled to 5-aminotetrazole by the procedure in Example 78, Part C to yield 
0.87 g of a yellow glass. Flash chromatography in 100% ethyl acetate over silica gel yielded 77.1 mg of a white solid; 
m.p. 169-173°. NMR (200 MHz, CDCI 3 , DMSO-de) 6 12.0 (br s, 1H); 7.73-7.30 (m, 6H); 7.00 (d, 2H, J= 7Hz); 5.18 (s. 
so 2H); 4.23 (s. 2H); 2.55 (t. 2H, J= 7Hz) 1.63 (toft, 2H, J= 7,7Hz); 1.31 (t of q, 2H, J= 7,7Hz); 0.84 (t. 3H, J= 7Hz). Anal. 
Calcd. for C 24 H 26 CIN 7 0 2 • (H 2 0) 2 : C, 55.87; H, 5.86. Found: C. 56.01; H, 6.01. 

Example 174 

55 PART A: Preparation of 2-n-Butvl-4-chloro-1-r(2'-mvdrox ^ 

2-n-Butyl-1-[2'-carbomethoxybiph^ (5 62 g, 13 mmol, 1 eq) 

was dissolved in THF (50 mL) and to it was slowly added a 1M lithium aluminum hydride solution in THF (39.5 ml_, 39 
mmol, 3 eq). The resultant mixture was ref luxed under N 2 for 2 hours and worked up according to Fieser and Fieser, 
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V.1 , p. 584 (Steinhardl procedure) to yield 4.68 g of a light yellow oil which slowly crystallized. NMR (200 MHz, CDCI 3 ) 
8 7.57 (bd, 1H, J= 7Hz); 7.47-7.20 (m, 5H); 7.03 (d, 2H, J= 9Hz); 5.18 (s. 2H); 4.58 (s, 2H); 4.32 (s, 2H); 3.28 (s, 3H); 
2.60 (t> 2H, J= 7Hz); 1.67 (t of t. 2H. J= 7,7Hz); 1.35 (t of q, 2H, J= 7,7Hz); 0.86 (t, 3H, J= 7Hz). Anal. Calcd. for 
C23H27CIN2O2: C. 69.25; H, 6.82; CI, 8.89. Found: C, 69.42; H, 6.87; CI, 8.65. 

PART B: Preparation of 2-n-Butv1-4^hloro-1-f(2'-(cvanomethyl)bi^^^ 

2-n-Butyl-4-chloro-1-[(2'-(hydroxym (4.68 g) was converted 

to the title cyanomethyl compound by the procedure described in Example 1 , Part B. Work up yielded 5.20 g of a brown 
oil which was further reacted with purification. NMR (200 MHz, CDQ 3 ) 6 7.54 (m, 1 H); 7.40 (m, 2H)); 7.28 (m, 3H); 7.08 
(d, 2H, J= 10Hz); 5.23 (s, 2H); 4.33 (S, 2H); 3.63 (s. 2H); 3.30 (s. 3H); 2.60 (t. 2H, J= 7Hz); 1.70 (t of t, 2H, J= 7,7Hz); 
1.37 (t of q, 2H, J= 7,7Hz); 0.90 (t, 3H, J= 7Hz). Mass Calcd. for C24H26CIN30: 407.1764. Found: 407.1778. 

PART C; Preparation of 2-n-ButYl-4-chloro-5-methoxy m^ 

2-n-Butyl-4-chloro-1-[(24cyanometri^^ (5.20 g) was converted 

to the above tetrazole in 2 days using the procedure of Example 90, Part C. Work-up and flash chromatography over 
silica gel eluting with a gradient solvent system of 1 :1 hexane/ethyl acetate to 1 :1 ethyl acetate/isopropanol yielded 3.13 
g of a light yellow solid; m.p. 149.0-152.5°. NMR (200 MHz, CDCI3) 8 7.37-7.15 (m, 6H); 6.96 (d, 2H, J= 9Hz); 5.18 (s, 
2H); 4.30 (s, 2H); 4.24 (s, 2H); 3.27 (s. 3H); 2.57 (t, 2H, J= 7Hz); 1 .56 (t of t. 2H, J= 7,7Hz); 1 .28 (t of q, 2H, J= 7,7Hz); 
0.77 (t, 3H, J* 7Hz). Anal. Calcd. for C 24 H 27 CIN 6 0: C, 63.97, H, 6.03; CI, 7.86. Found: C, 63.79; H, 6.04; CI, 7.70. 

Example 175 

Preparation of 2-n-ButvH -r(2 / -fcarboxvme^ 
ytamine salt 

2-n-Butyi-4-chloro-1-[(2^cyanom (2.60 g) and a 1:1 mix- 

ture of concentrated aqueous HCI and glacial acetic acid (50 ml_) were mixed together and then ref luxed for 6 hours. 
The solvents were removed in vacuo and water (200 ml_) was added to the residue. The pH was adjusted to 3 with con- 
centrated NH4OH and this aqueous mixture was extracted with ethyl acetate (3 x 200 mL). The organic layers were 
combined, dried (MgS0 4 ) and the solvent removed in yaaio to yield an oil. Subsequent flash chromatography in 60:40 
ethyl acetate/hexane to 100% isopropanol yielded 1 .07 g of a glass. This product was dissolved in acetone and dicy- 
clohexylamine was added (1 eq). A gum precipitated which was redissolved with more acetone (total of 75 mL) and 
heat Upon cooling, solid precipitate was obtained (291 mg); m.p. 1 35.0-137.0. NMR shows -OCH 3 to be missing. NMR 
(200 MHz, CDCI3) 8 7.43-7.13 (m, 6H); 6.95 (d, 2H, J= 8Hz); 5.20 (s, 2H) 4.46 (s, 2H); 3.45 (s, 2H); 2.76 (m, 2H); 2.60 
(t, 2H, J= 7Hz); 2.00-1.03 (m, 24H); 0.87 (t, 3H, J= 7Hz). Mass Calcd. for C23H25CIN2O3: 412.1554. Found: 412.1544. 

Example 176 

PART A: Preparation of 2-n-Butvl-4-chloro-1-f(2'-(rMJrazido)biph 

2-n-Butyl-1-[(2'-carbomethaxybiphenyl-4-yl)m (2.00 g, 4.7 mmol, 1 eq), 

hydrazine (1.5 mL, 46.8 mmol, 10 eq) and methanol (30 mL) were mixed together and then refluxed for 3 days after 
which 1.5 mL more of hydrazine was added and the reaction refluxed for another day. More hydrazine (1.5 mL) was 
again added and the reaction was refluxed for an additional day. The reaction was worked up by first removing the 
hydrazine and methanol in vacuo, following by taking up the residue in ethyl acetate (200 mL) and washing it with water 
(3 x 100 mL). The organic layer was dried (MgS0 4 ) and the solvent removed jn vacuo to yield 1 .37 g of a white glass. 
NMR (CDCI3, 200 MHz,) 8 7.67-7.31 (m, 4H); 7.40 (d, 2H, J= 9Hz); 7.03 (d, 2H, J= 9Hz); 7.56 (bs, 1H); 5.17 (s, 2H); 
4.27 (s. 2H); 3.25 (s, 3H); 2.57 (t, 2H, J= 7Hz); 1.70 (t of 1 2H. 7.7Hz); 1.34 (t of q, 2H), J= 7,7Hz); 0.86 (t. 3H, J= 7Hz). 
Anal. Calcd. for C 2 3H27CJN 4 0 2 : C, 64.70; H, 6.37; N, 13.12. Found: C. 64.47; H, 6.35; N, 12.85. 

PART B: Preparation of 2-n-Butvl-4Kfrloro-5-methQxvmeft^ 
vOmethyf]imidazole 

A solution of triflic anhydride (0.42 mL, 2.5 mmol, 1.5 eq) in methylene chloride (2 mL) was slowly dripped into a 
stirred solution at -78°C of 2-n-butyl-4-ch!oro-1-[(2'-(hydraz^ (0.71 
g, 1.7 mmol, 1.0 eq) and triethylamine (0.35 mL, 2.5 mmol, 1.5 eq) in methylene chloride (5 mL). The solution was 
stirred at -78°C for 1 hour and then allowed to warm to room temperature. After 2 hours at room temperature, water (1 00 
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mL) was added, the pH adjusted to 5 and the aqueous layer extracted with ethyl acetate (3 x 100 mL). The organic lay- 
ers were dried (MgS0 4 ), the solvent removed in vacuo, and the residue flash chromatographed over silica gel beginning 
in 1 :1 hexane/ethyl acetate and finishing in 100% ethyl acetate to yield 380 mg of a light yellow glass. NMR (200 MHz, 
CDCI 3 ) 8 7.82-7.15 (m, 8H); 6.94 (d, 2H, J= 8Hz); 5.13 (s, 2H); 4.25 (s, 2H); 3.17 (s, 3H); 2.53 (t, 2H, J= 7Hz); 1.69 (t 
5 of t, 2H, J= 7,7Hz); 1 .27 (t of q, 2H, J= 7,7Hz); 0.81 (t, 3H, J= 7Hz). Fast Atom Bombardment Mass Spectrum: Mass 
Calcd. for C 24 H 26 CIF 3 N 4 0 4 S: 559.15. Found: 559.12. 

Example 177 

10 PART A: Prep aration of 4 f -Methylbiphenyl-2-carboxaldehvde 

Methyl 4'-methylbiphenyl-2-carboxylate (20.00 g, 88 mmol, 1 eq) was dissolved in dry toluene (250 mL) and cooled 
to -78°: Diisobutylaluminum hydride (1.0 M in toluene. 220.0 mL, 220 mmol, 2.2 eq) was then dripped in slowly over 25 
minutes keeping the temperature under -70°. When the addition was complete, the mixture was stirred at -78° for 15 

15 minutes and then methanol (1 0 mL) was added cautiously. When gas evolution was complete, the mixture was poured 
into a solution of Rochelle salt (1 00 mL of saturated solution plus 600 mL water). The mixture was stirred or shaken until 
an extractable solution was obtained. The layers were separated and the aqueous layer extracted with ether (2 x 200 
mL). The organic layers were combined, dried (MgS0 4 ) and the solvent removed in vacuo to yield 16.7 g of a light yel- 
low oil. NMR (200 MHz, CDCI 3 ) 8 7.56-7.16 (m, 8H); 4.59 (s, 2H); 2.40 (s, 3H); 1.74 (s, 1H). This oil (16.7 g, 84 mmol, 

20 1 eq) was subsequently oxidized by dissolving in methylene chloride (100 mL) and stirring with manganese dioxide 
(7.34 g, 84 mmol, 1 eq). After stirring for one day at room temperature, more manganese dioxide (14.68 g, 168 mmol, 
2 eq) was added. The next day, 1 4.68 g more of manganese dioxide was again added. After another day of stirring, the 
reaction was filtered through Celite® and the filtrate evaporated to an oil. The oil was chromatographed in 9:1 hex- 
ane/ethyl acetate over silica gel to yield 13.4 g of a light yellow opaque oil. The above oxidation can also be performed 

25 using pyridinium chlorochromate. NMR (CDCI3, 200 MHz) 8 9.98 (s, 1H); 8.01 (d, 1H, J= 7Hz); 7.64 (t, 1H, J= 7Hz); 
7.53-7.38 (m, 2H); 7.28-7.17 (m, 4H); 2.43 (s, 3H). Mass Calcd. for C 14 H l2 0: 196.0888. Found: 196.0881. 

PART B: Preparation of 4^Methvl-2-(2-nitroethen-1-yl)biphenvl 

30 4'-Methylbiphenyl-2-carboxaldehyde (13.21 g, 67.3 mmol (1.0 eq), nitromethane (4.74 mL, 87.5 mmol, 1.3 eq), 
ammonium acetate (2.07 g, 26.0 mmol, 0.4 eq) and glacial acetic acid (30 mL) were mixed and refluxed for 2 days, at 
which time more nitromethane (4.74 mL) and ammonium acetate (2.07 g) were added and the reaction was refluxed for 
an additional 5 hours. The reaction mixture was poured into ice water (300 mL) and extracted with ethyl acetate (300 
mL). The ethyl acetate layer was washed with water (3 x 200 mL), the organic layer dried (MgS0 4 ). the solvent removed 

35 in yacyo. and the residue chromatographed in 1 : 1 hexane/toluene to yield 1 1 .22 g of a light yellow oil which crystallized. 
The product was recrystallized from methylcyclohexane to yield 8.47 g of yellow crystals; m.p. 64.0-65.0°. NMR (200 
MHz, CDCI 3 ) 8 8.04 (d, 1H, J= 13Hz); 7.69 (d, 1H t J= 9Hz) 7.59-7.37 (m, 4H); 7.50 (d, 1H, J= 13 Hz): 7.27 (d, 2H, J= 
7Hz); 7.19 (d, 2H, J= 7Hz); 2.41 (s, 3H). Anal. Calcd. for C 15 H 13 N0 2 : C, 75.30; H, 5.48; N, 5.85. Found: C, 75.32; H, 
5.56; N, 5.58. 

40 

PART C: Preparation of ^-methvl^-M^.S-triaz ol^-vDbiphenvl 

4'-Methyl-2-(2-nitroethen-1-y0biphenyl (6.58 g, 27.5 mmol, 1 eq), sodium azide (5.40 g, 82.3 mmol, 3 eq), and 
dimethylsulfoxide (minimum to dissolve everything) were mixed together and stirred at room temperature for 4.5 hours. 
45 Ethyl acetate (500 mL) was then added and the organic phase washed with water (3 x 400 mL). The organic layer was 
dried (MgS0 4 ) and the solvent removed in vacuo to yield 6.54 g of an orange glass. Chromatography in 75.25 hex- 
ane/ethyl acetate yielded 2.87 g of of a yellow glass. NMR (200 MHz, CDCI 3 ) 8 7.83 (m, 1H); 7.51-7.32 (m, 3H); 7.18 
(d, 2H, J= 8Hz); 7.13 (d, 2H, J= 8Hz); 7.03 (s, 1H); 2.38 (s, 3H). Mass Calcd. for C 15 H 13 N 3 : 235.1 1 10. Found: 235.1 111. 

so PART D: Preparation of 4'-Metrivl-2-(N-ttriph envlmethvlV1 .2.3-triazoh4-vl)biphenvl 

^-Methyl^-fl^.S-triazol^-ylJbiphenyi (2.61 g, 11 mmol, 1.0 eq), triethylamine (1.69 mL, 12 mmol, 1 eq). trrtylbro- 
mide (3.88 g, 12 mmol, 1 eq) and methylene chloride (30 mL) were mixed and stirred at 0°C and then allowed to warm 
to room temperature. After 1 hour, ethyl acetate was added (200 mL) and the organic phase was washed with water (3 
55 x 200 mL). The organic layer was dried (MgS0 4 ) and the solvent removed in vacua to yield 5.1 5 g of a yellow solid. This 
product was recrystallized from methylcyclohexane to give 3.26 g of off-white crystals; m.p. 181.0-182.5°. NMR (200 
MHz, CDCI3) 8 8.18 (d, 1H, J= 7Hz); 7.50-7.16 (m, 12H); 7.05-6.89 (m, 10 Hz); 6.47 (s, 1H); 2.54 (s. 3H). Anal. Calcd. 
for C 34 H27N 3 : C. 85.50; H, 5.70; N, 8.80. Found: C, 86.60; H, 5.80; N, 8.94. 
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PART E: Preparation of 2-n-BLrtyl-4^hloro-5-rwdroxvmeth^ 
yl) methyl] imidazole 

4'-Me%l-2-(N-(triphenylmethyl)-1,2,3-tria20l-4-yl)biphenyl (3.14 g, 6.57 mmoles) was brominated in the benzylic 
5 position by the procedure in Example 85, Part B, using benzoyl peroxide instead of AIBN as radical initiator. Filtration of 
succinimide and evaporation yielded 4.45 g of a crude oil which was used as is. NMR (200 MHz, CDCI 3 ) 8 CH 2 Br, 4.41 . 
This bromide (4.33 g, approx. 7.8 mmol, 1 eq) was alkylated onto 2-n-bLrtyl-4-chloro-5-(hydroxymethyl)imidazole by the 
procedure described in Example 1, Part A. Flash chromatography in 7525 hexane/ethyl acetate over silica gel yielded 
a yellow solid (0.67 g) which was recrystallized from carbon tetrachloride to yield 447 mg of white crystals; m.p. 1 73.0- 
10 176.5°. NMR (CDCI 3l 200 MHz) 8 8.03 (d, 1H, J= 9Hz); 7.51-7.14 (m, 14H); 6.98 (m, 6H); 6.86 (d, 2H, J= 9Hz); 6.63 (s, 
1H); 5.15 (s, 2H); 4.33 (s, 2H); 2.53 (t. 2H, J= 7Hz); 1.15 (t of t. 2H, J= 7,7Hz); 1.32 (t of q, 2H, J= 7,7Hz); 0.87 (t, 3H, 
J= 7Hz). Mass Calcd. for C^HaaCINsO: 663.2765. Found: 663.2762. 

PART F: Preparation of 2-n-Birty1-4-chloro-5-hydrox^ 

15 

2-n-Butyl-4-chloro-5-hydoxymethyl-1 -[(2'-(N-(triphenylmethyl)triaz^ (408 mg, 

0.6 mmol, 1 eq), 1 ,4-dioxane (5 mL), water (1 mL) and 4.0 N HCI in dioxane (0.46 mL, 1 .8 mmol, 3 eq) were mixed and 
stirred at room temperature. After 2 hours, water was added (200 mL), and the aqueous layer extracted with ethyl ace- 
tate (3 x 200 mL). The organic layers were dried (MgS0 4 ) and the solvent removed in vacuo to yield 260 mg of an off- 
20 white glass. Flash chromatography of the product in 1 00% ethyl acetate over silica gel yielded 1 40 mg of a white glass. 
NMR (200 MHz, CDCI 3 ) 5 7.82 (m, 1H); 7.50-7.25 (m, 3H); 7.17 (d. 2H, J= 9Hz); 6.98 (d, 2H, J= 9Hz); 6.95 (s, 1H); 5.23 
(S. 2H); 4.52 (s, 2H); 2.58 (t. 2H, J= 7Hz); 1.63 (t of t. 2H, J= 7,7Hz); 1.30 (t of q, 2H, J= 7,7Hz); 0.82 (t. 3H, J= 7Hz). 
Mass Calcd. for C 2 3H 2 4CIN 5 0: 421.1669. Found: 421.1670. 

25 Examples 1 79 ancj 179 

PART A: Preparation of Ethyl 3-(4-methyl phen yl)-3-oxo-2-(allyl)propanoate 

Ethyl 3-(4-methylphenyl)-3-oxopropanoate (prepared as described in W. Wierenga and H. I. Skulnick, J. Org. 

30 Chem. (1 979), 44, 31 0) (63.66 g, 309 mmol, 1 eq) was added to a freshly prepared sodium ethoxide solution (Na, 7.43 
g, 323 mmol, 1 .05 eq; EtOH, 250 mL). The ethanol was removed in vacuo and the residue was dissolved in DMF (250 
mL). Allyl bromide (29.3 mL, 338 mmol, 1.1 eq) followed by sodium iodide (4.56 g, 304 mmol, 1 eq) were then added 
and the contents stirred overnight at room temperature. The DMF was removed in vacuo, water (250 mL) was added 
and the aqueous layer extracted with ethyl acetate (3 x 200 mL). The organic layers were dried (MgS0 4 ) and the solvent 

35 removed in vacuo to yield 74.21 g of an amber oil. NMR (200 MHz, CDCI 3 ) 8 7.81 (d, 2H, J= 10Hz); 7.30 (d, 2H, J= 10 
Hz); 5.96-5.72 (m, 1H); 5.21-5.00 (m, 2H) 4.41 (t, 1H, J= 7Hz); 4.16 (q, 2H, J= 7Hz); 2.78 (t, 2H, J= 7Hz); 2.42 (s, 3H); 
1.18 (t, 3H, J= 7Hz). Anal. Calcd. for C 15 H 18 0 3 : C, 73.15; H, 7.37. Found: C, 73.10; H, 7.38. 

PART B: Preparation of 3-Carboethoxv-4-(4-methylphenyl)-4-(oxo)butanal 

40 

Ethyl 3-(4-methylphenyl)-3-oxo-2-(allyl)propanoate (74.21 g, 301 mmol, 1.0 eq), osmium tetroxide (100 mg, cat.), 
sodium metaperiodate (141 .8 g, 663 mmol, 2.2 eq), ether (500 mL) and water (1 L) were mixed and stirred at room tem- 
perature. After 24 hours, an additional 1 10 mg of Os0 4 was added and after another 24 hours, 200 mg more of Os0 4 
was added together with sodium metaperiodate (1 90 g, 888 mmol, 3.0 eq). After 4 days, the layers were separated and 
45 the ether layer washed with aqueous sodium bisulfite (1 x 500 mL) followed by brine (1 x 300 mL). The ether layer was 
dried (MgS0 4 ) and the solvent removed in vacuo to yield 64.99 g of a dark brown oil. This oil was flash chromato- 
graphed over silica gel in 4:1 hexane/ethyl acetate to yield 37.5 g of an amber oil. NMR (200 MHz, CDCI 3 ) 8 9.79 (s, 
1H); 7.93 (d, 2H, J= 9Hz); 7.27 (d, 2H, J= 9Hz); 4.87 (t, 1H, J= 7Hz); 4.13 (q, 2H, J= 7Hz); 3.37-3.08 (AB multiple! 2H); 
2.40 (s, 3H); 1.14 (t, 3H, J= 7Hz). Anal. Calcd. for C 14 H 16 0 4 : C, 67.73; H, 6.50. Found: C. 67.53; H, 6.54. 

50 

PART C: Preparation of 3-Carboethoxy-2-(4-methvtohenvnfuran 

Ethyl 3-Carboethoxy-4-(4-methylphenyl)-4-(oxo)butanal (10.00 g), trifluoroacetic anhydride (50 mL) and trifluoro- 
acetic acid (2 drops) were mixed and stirred at 0° over ice and allowed to warm to room temperature. After 3 hours, 
55 more trifluoroacetic anhydride (50 mL) together with trifluoroacetic acid (2 drops) were added at room temperature. The 
next day, the solvent was removed in vacuo and the residue partitioned between 1 N NaOH (200 mL) and ethyl acetate 
(200 mL). The layers were separated and the organic layer washed with 1 N NaOH (2 x 200 mL). The organic layer was 
dried (MgS0 4 ) and the solvent removed in vacuo to yield a brown oil (9.95 g) which was flash chromatographed in 99:1 
hexane/ethyl acetate to yield 2.57 g of an off-white solid; m.p. 79.0-80.5°. NMR (200 MHz, CDCI 3 ) 8 7.88 (d, 2H, J= 
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9Hz); 7.42 (d, 1 H. J= 2Hz); 7.26 (d, 2H, J* 9Hz); 6.83 (d, 1 H, J=2Hz); 4.34 (q, 2H, J= 7Hz); 2.40 (s, 3H); 1 .34 (t, 3H, J« 
7Hz). Anal. Calcd. for C 14 H 14 03; C, 73.03; H, 6.13. Found: C, 73.52; H, 6.30. 

PART D: Preparation of 2-n-Butyl-1-[4-(3-carboxyfuran-2-yl)benzyfl-4-chloro-5-f hydroxymethvnimidazole (isomer A) 
5 and 2-n-butvl-1-f4-(3-<^oxvforan^ (isomer B) 

3-Carboethoxy-2-(4-methyphenyl)furan was brominated, alkylated, and saponified by the procedures described in 

Example 85, Parts, B, C, and E. 

Isomer A, the faster eluting isomer, was recrystallized from acetonitrile; m.p. 158.5-160.0°. NMR (200 MHz, DMSO- 
10 d 6 ) 8 12.80 (bm, 1 H); 7.92 (d, 2H, J= 9H); 7.82 (d, 1H, J- 2Hz); 7.17 (d, 2H, J= 9Hz); 6.84 (d, 1 H, J= 2Hz); 5.30 (s, 2H) ( 
5.30 (m, 1H); 4.34 (s, 2H); 2.47 (t. 2H, J= 7Hz); 1.47 (toft, 2H, J = 7,7Hz); 1.24 (t of q, 2H, J= 7,7Hz); 0.74 (t, 3H, J = 
7Hz). Anal. Calcd. for C20H21CIN2O4: C, 61.78; H, 5.44; N, 9.12. Found: C, 61.66; H, 5.39; N, 9.09. 

Isomer B was recrystallized from nitromethane/acetonitrile; m.p. 118.5-120.5°. NMR (200 MHz, DMSO-d 6 ) 8 12.89 
(bm, 1H); 7.92 (d, 2H, J= 9Hz); 7.82 (d, 1H, J= 2Hz); 7.13 (d, 2H, J= 9Hz); 6.83 (d, 1H ( J= 2Hz); 5.23 (s, 2H); 4.93 (m, 
15 1 H) 4.29 (d, 2H, J= 7Hz); 2.57 (t, 2H, J= 7Hz); 1 .53 (t of t, 2H, J = 7,7Hz); 1 .27 (t of q, 2H, J= 7,7Hz); 0.77 (t, 3H, J* 
7Hz). Mass Calcd. for C20H21CIN2O4: 388.1190. Found: 388.1171. 

Example 19Q 

20 PART A: Preparation of l-r(2^Carbomethoxvbiphenvl-4-vnm ^ 
thyl)imidazole 

To a solution of 7.50 mL of 1 .6 M n-butyllithium/hexane in 50 mL of tetrahydrof uran at 0° was added dropwise 1 .50 
mL of t-butanol. To this solution was added 4.52 g of 1-[(2'-carbomethoxyt)iphenyl-4-yl)methyl]-2-butyl-4-chloro-5- 

25 hydroxymethylimidazole followed by 1.50 ml of 2-methoxyethoxymethyl chloride. The resulting solution was stirred at 
25° for 16 hours. The mixture was diluted with diethyl ether, washed with water and brine, dried over anhydrous sodium 
sulfate, filtered and concentrated. Column chromatography afforded 3.50 g of 1 -[(2'-carbomethoxybiphenyl-4- 
y0methy0-2-butyl-4-(*loro-5-(2-m^ NMR (200 MHz, CDCI 3 ) 8 7.83 (d, 1H); 7.52 

(t, 1H); 7.40 (t, 1H), 7.28 (m, 3H); 7.00 (d. 1H); 5.19 (S, 2H); 4.68 (s, 2H); 4.48 (S, 2H); 3.67 (m, 2H); 3.64 (s, 3H); 3.54 

30 (m, 2H); 3.37 (s, 3H); 2.58 (t, 2H); 1 .67 (quint., 2H); 1 .34 (sext, 2H); 0.88 (t, 3H). 

PART B: Preparation of 1-f(2'-Carboxvbiphenvl-4-vn methyl] -2-butvl- 4-chloro-5-(2-methoxvethoxvmethoxvmethvl)imida- 
zole 

35 A solution of 3. 1 5 g of 1 -[(2'-carbomethoxybiphenyl-4^ 

thyl)imidazole and 2.77 g of potassium methanethiolate in 1 25 mL of dimethylformamide was stirred at 1 25° for 4 hours. 
After cooling the solvent was removed in vacuo, and the residue was dissolved in water. The resulting aqueous solution 
was washed with diethyl ether, adjusted to pH 3 employing 10% hydrochloric acid, and extracted with methylene chlo- 
ride. The combined organic layers were washed with brine, dried over anhydrous sodium sulfate, filtered, and concen- 

40 trated. The crude product was recrystallized from chlorobutane to afford 2.45 g of 1 -[(2'-carboxybiphenyl-4-yl)methyl]- 
2-butyl-4-chloro-5-(2-methoxyethoxymethoxymethyl)imidazole. NMR (200 MHz, CDCI 3 ) 8 7.95 (d, 1H); 7.57 (t, 1H); 
7.46 (t, 1H); 7.38 (m, 3H); 7.05 (d, 2H); 5.22 (s, 2H); 4.64 (s, 2H); 4.48 (s, 2H); 3.58 (m, 4H); 3.40 (s, 3H); 2.54 (t, 2H); 
1.60 (quint.. 2H); 1.32 (sext., 2H); 0.84 (t, 3H). 

45 PART C: Preparation of 14(2'-Methoxvamincrarbonvlto^ 
oxvmethvl)imidazole 

A solution of 0.24 ml of oxalyl chloride in 5 mL of chloroform was added dropwise to a solution of 1 mL of dimeth- 
ylformamide in 4 mL of chloroform at -20°. After this solution had been stirred at -20° for 20 minutes, 0.28 mL of N-meth- 

50 ylmorpholine was added followed by 1.21 g of 1-[(2'-carboxybiphenyl-4-yl)methy0-2-butyl-4-chloro-5-(2- 
methoxyethoxymethoxymethyl)imidazole. After another 20 minutes at -20°, 0.55 ml of N-methylmorpholine and 1 .35 mL 
of methoxylamine were added to the mixture. The reaction mixture was warmed slowly to 25°, stirred at 25° for 4 hours, 
and finally refluxed for 40 hours. After cooling the mixture was diluted with ethyl acetate. The resulting solution was 
washed with 10% hydrochloric acid, water, 10% sodium bicarbonate solution and brine. Finally the solution was dried 

55 over anhydrous sodium sulfate, filtered, and concentrated in vacuo . Column chromatography (elution: methanol/chloro- 
form) furnished 0.21 g of 1-[(2'-methoxyaminocartDonylbipheny^ 

oxymethyl)imidazole. NMR (200 MHz, CDCI 3 ) 8 7.85 (s, 1H); 7.63 (d, 1H); 7.53-7.33 (m, 5H); 7.05 (d, 2H); 5.20 (s, 2H); 
4.67 (s, 2H); 4.47 (s, 2H); 3.63 (m, 5H); 3.55 (m, 2H); 3.36 (s, 3H); 2.56 (t. 2H); 1 .67 (m, 2H); 1 .32 (m, 2H); 0.87 (t. 3H). 
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PART D: Preparation of Hte'-Methoxvaminocarbonv te 

A solution of 0.20 g of 1-[(2'-methoxyaminocartxnytbiphenyM-yl)m 
yethoxymethoxymethyl)imidazole in 60 ml of 1 .5 M aqueous tetrafluoroboric acid/acetonitrile was stirred for 20 hours at 
25°. The reaction mixture was poured into dilute sodium bicarbonate solution, and the resulting mixture was extracted 
with diethyl ether. The combined organic phases were washed with brine, dried over anhydrous sodium sulfate, filtered, 
and concentrated. Column chromatography (elution: methanol/chloroform) provided 0.11 g of 1-[(2'-methoxyaminocar- 
bonyfoiphenyl-4-y0methy0-2-but^ NMR (200 MHz, CDCij) 6 1 1 .31 (br s, 1 H); 7.48 

(m, 1H); 7.41-7.33 (m, 5H); 7.09 (d, 2H); 5.27 (br s. 3H); 4.32 (d, 2H); 3.44 (s, 3H); 2.49 (t, 2H); 1.48 (quint., 2H); 1.25 
(sext., 2H); 0.80 (t 3H). 

The following compounds were prepared according to the procedures described in the above example. 

NMR (200 MHz, DUSO-cL) 





CONHOCH^C 



2 C £«5 



6 11.29 (br s, 1H) , 7.48 
(«, IB), 7.33 (a, 10H), 
7.00 (d, 2H), 5.27 (d, 
2H), 4.67 (s, 2H), 4.31 
(s, 2H), 2.47 (t, 2H), 
1.46 (quint., 2H) , 1.21 
(sext., 2H), 0.76 (t, 
3H). 



Example 182 




CCNHCH 



6 10.81 (br 8, 1H), 0.02 
(br s, 1H), 7.55-7.35 (n, 
6H), 7.11 (d, 2H), 5.28 
(br s, 3H), 4.34 (d, 2H) , 
2.50 (t, 2H), 1.40 
(quint., 2H), 1.25 
(aext., 2H), 0.78 (t, 
3H). 



Example 183 

PART A: Preparation of 1-f(2'-Aminobiphenvl-4-vn methyn-24xrtyl-4-chloro-5-hvdroxvmethvlimida20le 

This compound was prepared according to the procedure described in Example 141 , Part A. From 3.30 g of 1 -[(2'- 
nrtrobiphenyl-4-y0methy0-24xJtyl-4-chloro-5-hydroxymethylimidazole, 1 .60 g of iron powder, 3.20 ml of acetic acid, and 
160 mL of methanol there was obtained 2.05 g of 1-[(2'-aiTunobiphenyl-4-y0methyl]-24xjtyl-^ 
imidazole. NMR (200 MHz, CDCI3) 5 7.45 (d, 2H); 7.23-7.08 (m, 4H); 6.89-6.77 (m, 2H); 5.27 (s, 2H); 4.55 (br s, 2H); 
2.62 (t. 2H); 1.69 (quint., 2H); 1.37 (sext., 2H); 0.88 (t. 3H). 
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PART B: Preparation of 1-r(2'-AminobiphenvM-vnmeth^ 

2Q|fi 

This compound was prepared according to the procedure described in Example 180, Part A. From 2.03 g of 1-[(2'- 
5 aminobiphenyl-4-yl)methyl]-2-butyl-4-chloro-5-hydroxymethylimida20le, 3.75 mL of 1.6 M n-butyllithium/hexane, 0.75 
ml of t-butanol, 0.75 ml of 2-methoxyethoxymethyl chloride, and 25 mL of tetrahydrofuran there was obtained 0.84 g of 
1 -[(2'-aminobiphenyl-4-yl)metriy^ NMR (200 MHz, 

CDCI 3 ) 8 7.42 (d, 2H); 7.19-7.03 (m, 4H); 6.86 (m, 2H); 5.20 (s, 2H); 4.69 (m, 2H); 4.49 (m, 2H); 3.67 (m, 2H), 3.54 (m, 
2H); 3.37 (s, 3H); 2.59 (t, 2H); 1.67 (quint.. 2H); 1.34 (sext, 2H); 0.87 (t, 3H). 

10 

PARTC: Preparation of 1-f(2 f -Trifluoroacetamidobiphe 
oxvmethvttimidazole 

To a solution of 0.84 g of 1-[(2'-aminobiphenyl-4-yl)methyl]-2-butyl-4-chloro-5-(2-methoxyethoxymethoxyme- 
15 thyljimidazole. 0.23 g of 4-dimethylaminopyridine, 1.28 mL of triethylamine, and 10 mL of tetrahydrofuran at 25° was 
added dropwise 1 .30 mL of trifluoroacetic anhydride. The reaction mixture was stirred at 25° for 4 hours and then was 
poured into water. The resulting solution was adjusted to pH 4 using 10% hydrochloric acid and extracted with diethyl 
ether. The combined organic phases were washed with water and brine, dried over anhydrous sodium sulfate, filtered, 
and concentrated in vacuo . Column chromatography afforded 0.96 g of 1-[(2'-trifluoroacetamidobiphenyl-4-yl)methyl]- 
20 2-butyl-4-chloro-5-(2-methoxyethaxymethoxymethyi)-imidazole. NMR (200 MHz, CDCI 3 ) 8 8.22 (d. 1 H); 7.89 (br s, 1 H); 
7.44 (m, 1 H); 7.36-7.29 (m, 4H); 7.12 (d, 2H); 5.23 (s, 2H); 4.68 (s, 2H); 4.49 (s, 2H); 3.65 (m, 2H); 3.54 (m, 2H); 3.37 
(s, 3H); 2.56 (t, 2H); 1.67 (quint., 2H); 1.34 (sext., 2H); 0.87 (t, 3H). 

PART D: Preparation of 1-f(2'-Trifluoroacetamidobiphend 

25 

This compound was prepared according to the procedure described in Example 180, Part D. From 0.96 g of 1 -[(2'- 
tr'rfluoroacetamidobiphenyl-4-yl)methyl-2-butyl-4-chloro-5-(2-methoxyethoxymethox there was 

obtained 0.35 g of 1-[2'-frifluoroacetamidobiphenyl-4^^ NMR (200 

MHz, CDCI3) 8 8.24 (d, 1H); 7.89 (brs, 1H); 7.46 (m, 1H); 7.32 (m, 4H); 7.15 (d, 2H); 5.30 (s, 2H); 4.55 (d, 2H); 2.60 (t, 
30 2H); 1.67 (br t, 1H). 1.70 (quint, 2H); 1.36 (sext., 2H); 0.88 (t, 3H). 

Example 184 

PART A; Preparation of 2-(4-Methyiphenoxy)ben^ic acid 

35 

To a solution of 5.95 g of p-cresol and 7.83 g of 2-chlorobenzoic in 50 mL of dimethylfbrmamide at 25° was added, 
in portions, 1 4.50 g of anhydrous potassium carbonate. The resulting mixture was heated to 80°, and 0. 1 0 g of copper(l) 
iodide was added. The reaction mixture then was refluxed for 16 hours. While still hot the mixture was poured onto 
water-ice. The resulting suspension was filtered, and the filtrate was adjusted to pH 3.0 using aqueous hydrochloric 
40 acid. The precipitate was recovered by filtration. The crude solid was dissolved in an aqueous sodium hydroxide solu- 
tion. This solution was acidified to pH 6.0 using hydrochloric acid, filtered, and then acidified to pH 3.0. Filtration pro- 
vided 5.67 g of 2-(4-methylphenoxyl)benzoic acid which was employed in the following reaction without further 
purification. NMR (200 MHz, CDCI 3 ): 8 8.1 5 (d of d, 1 H); 7.42 (d of d of d, 1 H); 7.23-7.12 (m, 3H); 6.97 (d, 2H); 6.80 (d, 
1H);2.37 (S, 3H). 

45 

PART B: Preparation o f Methyl 2-(4-methylphenoxvlbenzoate 

A solution of 37.70 g of 2-(4-methylphenoxy)benzoic acid was 12.0 mL of concentrated sulfuric acid in 500 mL of 
methanol was refluxed for 14 hours. After cooling, the reaction mixture was concentrated in yaoio and the residue was 
so added to a mixture of methylene chloride and water. The organic phase was separated, washed with saturated sodium 
bicarbonate solution and brine, dried over anhydrous sodium sulfate, filtered, and concentrated. The crude product was 
kugelrohr distilled (120-13570.025 torr) to furnish 35.08 g of methyl 2-(4-methylphenoxyl)benzoate, m.p. 31-34°. NMR 
(200 MHz, CDCI3) 8 7.87 (d of d, 1 H); 7.39 (t of d, 1 H); 7.1 1 (m, 3H); 6.88 (m, 3H); 3.81 (s, 3H); 2.30 (s, 3H). 

55 PART C: Preparation of Methyl 2-(4-bromomethvlp henoxv)benzoate 

A solution of 35.08 g of methyl 2-(4-methylphenoxy)benzoate, 25.7 g of N-bromosuccinimide, 0.57 g of azobi- 
sisobutyronitrile, and 1200 mL of carbon tetrachloride was refluxed for 3 hours. After cooling to room temperature the 
resulting suspension was filtered and then concentrated in vacuo to provide 4.51 g of crude methyl 2-(4-bromomethyl- 
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phenoxy)benzoate which was used in a subsequent reaction without further purification; NMR (200 MHz, CDCI3): 5 
7.92 (d of d, 1 H); 7.45 (t of d. 1 H); 7.16 (m, 3H); 6.90 (m, 3H); 4.49 (s, 2H); 3.83 (s, 3H). 

PART D; Preparation of 2-Butvl-4K:hloro-H4-(2-rart)ome 

To a suspension of 7.51 g of sodium methoxide in 100 mL of dimethylformamide at 25° was added a solution of 
26.50 g of 2-buty1-4(5)^hloro-5(4)-hydroxymethylimidazole in 100 mL of DMF. The resulting mixture was stirred at 25° 
for 0.25 hours; to this mixture was added dropwise a solution of 45.1 g of methyl 2-(4-bromomethylphenoxy)benzoate 
in 100 mL of DMF. Finally, the reaction mixture was stirred at 40° for 4 hours. After cooling to 25°, the solvent was 
removed in vjcuq. The residue was dissolved in ethyl acetate, and this solution was washed with water and brine, dried 
over anhydrous sodium sulfate, filtered, and concentrated. Column chromatography on silica gel (elution:1 0-25% ethyl 
acetate/benzene) afforded 7.80 g of 2-butyl-4-chloro-1 -[4K2-cartomethoxyphenaxy)benzyl]-^ 

NMR (200 MHz, CDCI 3 ) 8 7.92 (d. 1H); 7.48 (t, 1H); 7.21 (t, 1H); 6.93 (m, 5H); 5.21 (s, 2H); 4.48 (s, 2H); 3.79 (s, 3H); 
2.56 (t, 2H); 1.65 (quint., 2H); 1.34 (sext., 2H); 0.88 (t, 3H). 

PART E: Preparation of 2-ButYl-4^hloro-1-[4-(2-carbox^ 

A solution of 7.70 g of 1-{4-(2-c»rtx)methoxyphenoxy)benzy^ imidazole in 250 

mL of ethanol and 1 25 mL of 1 0% aqueous sodium hydroxide was ref luxed for 5 hours. After cooling, the reaction mix- 
ture was filtered, and the solvent was removed in vacuo. The residue was dissolved in water, and the solution was acid- 
ified to pH 3.5 using hydrochloric acid. The precipitated solid was recovered by filtration and recrystallized from acetone 
to furnish 6.52 g of 2-butyl-4-chloro-1-[4-(2-rarboxyphenoxy^ m.p. 178-180°. NMR 

(200 MHz, DMSO) 6 7.79 (d, 1H); 7.53 (t, 1H); 7.23 (t, 1H); 7.07 (d, 2H); 6.94 (d, 1H); 6.87 (d, 2H); 5.18 (s, 2H); 4.32 
(s, 2H); 2.47 (t, 2H); 1.46 (quint., 2H); 1.23 (sext., 2H); 0.78 (t. 3H). 

The following compounds have been or could be prepared by the above procedures. 
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186 n-butyl CI CHgOH 



187 n-butyl CI CHgOH « 

CH 



t 7 E 8 \=-) UPC 

C0 2 H 



188 n-propyl E CHgOH 4 S 



189 n-propyl CI CHgOH 



100 CH 2 0CH 2 CH 2 CH 2 CI CH 2 0H « ■ $ 



191 n-butyl CI CHgOH « 
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C0 2 H 
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Example 192 

PART A: Preparation of 1-(4-Benz vtoxvbenzvl)-243u^ 

5 To a suspension of 1 .43 g of sodium methoxkJe in 20 mL of dimethytformamide at 25° was added a solution of 5.00 
g of 2-butyl-4{5j-chloro-5(4)-hydroxymethylimidazole in 15 mL of dimethytformamide (DMF). The resulting mixture was 
stirred at 25° for 0.25 hours, and then to this mixture was added dropwise a solution of 4-oenzyloxybenzyl chloride in 
1 5 mL of DMF. Finally, the reaction mixture was stirred at 40°, the solvent was removed in vacuo . The residue was dis- 
solved in ethyl acetate, and this solution was washed with water and brine, dried over anhydrous sodium sulfate, fil- 

10 tered, and concentrated. Column chromatography on silica gel (elution: 10-25% ethyl acetate/benzene) afforded 3.27 
g of 1-<4-benzyloxybenzyl)-2-butyl-4-<*loro-5^ m.p. 115-116°; NMR (200 MHz, CDCI 3 ): 8 7.39 

(m, 5H); 6.94 (s, 4H); 5.15 (s, 2H); 5.04 (s, 2H); 4.47 (bs, 2H); 2.56 (t, 2H); 2.07 (bs, 1H); 1.63 (quint, 2H); 1.32 (sext, 
2H);0.87(t, 3H). 

is PART B: Preparation of 1-M-Hvdroxvbenzvn-2-butvl-4<hloro-5-h^roxvmethvlimidazole 

A mixture of 0.50 g of 1-(4-benzyloxybenzyO-2-butyl^chlora-Shydrcxymethylimidazole, 0.50 g of 10% palla- 
dium/carbon and 40 mL of tetrahydrofuran was stirred at room temperature under hydrogen gas (1 atm.) for 6 hours. 
The mixture was filtered through Celite® under nitrogen, and the resulting solution was concentrated in vacuo. The 
20 crude product was extracted with hot chloroform. After cooling, the chloroform mixture was concentrated in vacuo, and 
the resulting solid was washed with hexane to afford 0.1 6 g of 1 -(4-hydroxybenzyl)-245utyl-4-chloro-5-hydroxymethylim- 
idazole; NMR (200 MHz, DMSO-d 6 ): 6 9.43 (s, 1H); 6.81 (A^, 4H); 5.21 (t, 1H); 5.10 (s, 2H); 4.33 (d, 2H); 2.47 (t, 2H); 
1.44 (quint 2H); 1.23 (sext., 2H); 0.79 (t, 3H). 

25 PART C: Preparation of 1-f 4-(2-Cvanobenzvloxv)benzvl^ 

To a solution of 1.00 g of 1-(4-hydroxvbenzyl)-2-butyl-4-chloro-5-hydroxymethylimidazole in 15 mL of DMF at 25° 
was added 0.185 g of sodium methylate, and the resulting mixture was stirred at 25° for 0.25 hours. To this mixture was 
then added a solution of 0.80 g of a-bromo-o-tolunitrile in 5 mL of DMF. The reaction mixture was stirred at 25° for 16 
30 hours. The solvent was removed in vacuo, and the residue dissolved in ethyl acetate. This solution was washed with 
water and brine, dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo. Column chromatography on 
silica gel (elution: 10-25% ethyl acetate/benzene) provided 0.76 g of 1-[4-(2-cyanobenzyloxy)benzyQ-2-butyl-4-chloro- 
5-hydroxymethylimidazole; NMR (200 MHz, CDCI3): 8 7.73-7.59 (m, 3H); 7.44 (m, 1H); 6.96 (s. 4H); 5.23 (s, 2H); 5.14 
(s, 2H); 4.50 (d, 2H); 2.57 (t, 2H); 1.66 (quint., 2H); 1.33 (sext., 2H); 0.87 (t, 3H). 

35 

PART D: 1-f4-(2-Cvanobenzvloxv)b enzyn-2-butyl^-(^loro-5-cvanometrwlimidazole 

To a solution of 0.76 g of 1-[4-(2-<^anobenzyloxy)benzyl]-2-buty^ in 20 mL of 

chloroform at 25° was added dropwise 0.95 mL of thionyl chloride and the mixture was stirred at 25° for 2 hours. The 

40 solvent was removed in vacuo . The residue was dissolved in 20 mL of toluene, and then the toluene was removed in 
vacuo . Finally, the residue was dissolved in 10 mL of dimethyl sulfoxide, and the resulting solution was added to a solu- 
tion of 0.71 g of sodium cyanide in 1 0 mL of dim ethyl sulfoxide. The mixture was stirred at 25° for 1 hour and then poured 
into water. This emulsion was extracted with ethyl acetate; and the combined organic phases were washed with water 
and brine, dried over anhydrous sodium sulfate, filtered, and concentrated. Column chromatography on silica gel (elu- 

45 tion 0-25% ethyl acetate/benzene) afforded 0.67 g of 1-[4-(2-cyanobenzyloxy)benzyl]-2-butyl-4-chloro-5-cyanomethyl- 
imidazole; NMR (200 MHz, CDCI 3 ): 8 7.79-7.60 (m. 3H); 7.47 (m, 1H); 7.00 (s, 4H); 5.24 (s, 2H); 5.14 (s, 2H); 3.46 (s, 
2H); 2.66 (t, 2H); 1.71 (quint., 2H); 1.40 (sext., 2H); 0.92 (t, 3H). 

PART E: 1-f4-f2-Caiboxvbenzvloxv)benzyl1-24>utvl-4-chloroimidazole-5-acetic acid 

50 

A solution of 0.65 g of 1-[4-(2-cyanobenzyloxy)benzyl]-2-butyl-4-cWoro-5-cyanomethylimidazole in 20 mL of ethyl- 
ene glycol and 10 mL of 10% aqueous sodium hydroxide was refluxed for 14 hours. After cooling, the rection mixture 
was filtered, and the solvent was removed in vacuo. The residue was dissolved in water, and the solution was acidified 
to pH 3.5 using hydrochloric acid. The precipitated solid was recovered by filtration and recrystallized from aqueous eth- 
55 anol to furnish 0.21 g of 1 -[4-(2-carboxybenzyloxy)benzyl]-2-butyl-4-chloroimidazole-5-acetic acid, m.p. 1 70-1 72°; NMR 
(200 MHz, DMSO-de): 8 12.9 (bs, 2H); 7.94 (d, 1H); 7.61 (d, 1H); 7.60 (t 1H); 7.46 (t. 1H); 6.99 (s. 4H); 5.45 (s. 2H); 
5.1 1 (s, 2H); 3.49 (s, 2H); 2.52 (t, 2H); 1 .48 (quint., 2H); 1 .24 (sext., 2H); 0.82 (t, 3H). 
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Example 193 

PART A: Preparation of 1-(4-H vdroxvbenzvlV2-buM-5-hvdroxvmethYlimidazole 

A mixture of 1 .00 g of 10% palladium/carbon and 1 .00 g of 1 -(4*enzylo^en2yl)-2-butyl-4-chloro-5-hydroxymethyl 
imidazole in 20 mL of methanol was stirred at 25° for five minutes. Hydrogen gas was bubbled into the solution, and the 
mixture was stirred under hydrogen gas (1 atm.) at 25° for 2 hours. The mixture was filtered, and the resulting solution 
concentrated in vacuo to furnish 0.75 g of 1-(4-hydroxybenzyl)-24xJtyl-5-hydroxymethylimidazole; NMR (200 MHz, 
DMSOd 6 ): 5 9.75 (bs, 1H); 7.55 (s, 1H); 6.91 (AgBj,, 4H); 5.80 (bs, 1H); 5.35 (s, 2H); 4.45 (s, 2H); 2.89 (t, 2H); 1.44 
(quint, 2H); 1 .21 (sext., 2H); 0.80 (t, 3H). 

PART B: Preparation of 1-f4-(2-CaitK^enzyloxY)benzY^ 

The title compound was prepared from 1 -(4-hydroxybenzyl)-2-butyl-5-hydroxymethylimidazole using the alkylation 
and hydrolysis procedures described in Example 192, Parts C and E, m.p. 115-116°; NMR (200 MHz, DMSO-d 6 ): 6 
7.92 (d, 1H); 7.59 (m, 2H); 7.43 (m, 1H); 6.95(A 2 B 2 , 4H); 6.74 (s, 1H); 5.40 (s, 2H); 5.11 (s, 2H); 4.31 (s, 2H); 2.48 (t, 
2H); 1.47 (quint., 2H); 1.23 (sext., 2H); 0.77 (t, 3H). 

Example 194 

PART A: Preparation of l-[4-f2-Cvanobenzvloxv)benzvl]-2-butvl-4^hloro-5-me thoxYmethylimidazole 

To a solution of 0.29 g of 1-[4-(2K;yanobenzyloxy)benzyQ-2^utyl-4-chloro-5-hydroxymethylimidazole in 8.0 mL of 
dimethyl sulfoxide at 25° was added 0.93 g of potassium J-butoxide followed by 0.060 mL of methyl iodide. The reaction 
mixture was stirred at 25° for 2.5 hours and then was poured into water. The aqueous emulsion was extracted with ethyl 
acetate; the organic phases were combined and washed with water and brine, dried over anhydrous sodium sulfate, fil- 
tered, and concentrated in vacuo . Column chromatography on silica gel (elution: 5-25% ethyl acetate/benzene) fur- 
nished 0.17 g of 1-[4-(2-cyanobenzyloxy)benzyl]-2-birtyl-4-chloro-5-methoxymethylimidazole; NMR (200 MHz, CDCI 3 ): 
8 7.72-7.57 (m, 3H); 7.43 (m, 1H); 6.94 (s, 4H); 5.22 (s, 2H); 5.04 (s, 2H); 4.27 (s, 2H); 3.26 (s, 3H); 2.56 (t. 2H); 1.65 
(quint., 2H); 1.33 (sext., 2H); 0.88 (t, 3H). 

PART B: Preparation of 1 -r4-(2-CarboxvbenzvloxvfoenzY^ 

The title compound was prepared from 1-[4-(2-cyanobenzyloxy)benzyl]-2-butyl-4-chloro-5-methoxymethylimida- 
zole via the hydrolysis procedure described in Example 192, Part E; NMR (200 MHz, DMSO-d 6 ): 8 7.91 (d, 1H); 7.57 
(m, 2H); 7.42 (m, 1H); 6.97 (A2B2, 4H); 5.41 (s, 2H); 5.09 (s, 2H); 4.27 (3, 2H); 3.17 (s, 3H); 2.49 (t, 2H); 1.44 (quint, 
2H); 1.21 (sext., 2H); 0.79 (t, 3H). 

The compounds shown in Table 13 where X = -OCH 2 -were prepared or could be prepared employing the above 
procedures of Examples 192-194 and procedures previously described. 
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195 n-butyl CI CH^OH 



1S6 n-butyl CI CH o 0H 3-OCH 

• 2 



40CH2 ^) (oil)a 



197 n-butyl CI CH 2 0CH 2 CH 3 4-OCH 2 



198 n-butyl CI CH 2 0CH 2 C 6 H B 4-OCH 2 



C0 2 H 
CO,H 

COjH 



C0 2 H 



199 n-butyl CI CHgOCCHj 4-0CH 2 -/ \ (oil) b 



C0 2 H 



200 CH 3 OCH 2 CH 2 - CI CHgOH 



F P C0 2 H 



201 n-propyl CPg CHjOH 4-OOH 2 



134 



EP 0 324 377 B1 

a NMR (200 MHz, DMSO-dg) : 6 7.91 (d, 1H); 7.68 
(m, 2H); 7.42 (a, 1H) ; 6.08 (A^, 4H) ; 6.42 
5 ( 8f 2H); 6.16 (s, 2H); 4.32 (s, 2H) ; 2.48 (t, 

2H); 1.44 (quint., 2H) j 1.23 (sext., 2H) ; 0.70 
(t, 3H). 

10 b NMR (200 MHz, CDClj) : 6 8.13 (d, 1H); 7.75 

(d, 1H); 7.58 (t f 1H); 7.30 (t, 1H); 6.88 
(A^, 4H); 5.51 (s, 2H) ; 5.04 (s, 2H) ; 4.05 
(s, 2H); 2.60 (t, 2H); 1.83 (s, 3H); 1.65 

15 (quint., 2H); 1.32 (sext., 2H) ; 0.85 (t, 3H) . 



20 

Example 202 

PART A: Methyl 244-f BromomethvDbenzovllbenzoate 

25 

Methyl 2-toluylbenzoate (CA reg. # 6424-25-5: available by simple esterif ication of commercially available 2-toluyl- 
benzoic acid) (10.00 g, 39.3 mmol, 1 eq), N-bromosuccinimide (7.00 g, 39.3 mmol, 1 eq), benzoyl peroxide (1 .0 g) and 
100 mL carbon tetrachloride were mixed and refluxed overnight (peroxide added last). The mixture was filtered and 250 
mL of a 100 g/l aqueous solution of sodium bisulfite solution was added. The layers were separated and the organic 
30 layer was dried (MgS0 4 ) and concentrated. The brown solid residue was recrystallized from ether/hexane to give 6.47 
g of product; m.p. 88.2-91 .5°. NMR (200 MHz, CDCI 3 ) 8 8.07 (d, 1H. J= 7Hz); 7.82-7.07 (m, 7H); 4.50 (s, 2H); 3.67 (s. 
3H). Anal. Calod. for C 16 H 13 0 3 Br: C, 57.68; H, 3.93; Br, 23.98. Found: C, 57.84; H, 4.04; Br 23.99. Mass Calcd. for 
C 16 H 13 0 3 Br: 332.0048. Found: 332.0033. 

35 PART B: Prepar ation of 2-Butvl-1-r4-(2-cartx)m^ 

To a solution of 2-butyl-4-chloro-5-(hydroxymethyl)imidazole (11.12 g, 54 mmol, 1 eq) in 200 mL methanol was 
added dropwise a freshly prepared sodium methoxide solution (1 .36 g Na, 59 mmol, 1 .1 eq in 50 mL MeOH). After stir- 
ring for 0.5 hours, the methanol was removed jn vacuo and the resultant glass was dissolved in 200 mL DMF. To this 

40 mixture was added a solution of methyl 2-[4-(bromomethyl)benzoyl]benzoate (18.00 g, 59 mmol, 1.1 eq) in DMF and 
the entire contents was stirred overnight under N 2 at room temperature. The solvent was then removed in vacuo and 
the residue dissolved in 500 mL ethyl acetate and 500 mL H 2 0. The layers were separated and the aqueous layer was 
extracted twice with 500 mL portions of ethyl acetate. The organic layers were dried and concentrated and the crude 
product flash chromatographed to separate the two regioisomers in 60:40 hexane/ethyl acetate over silica gel. The 

45 faster moving isomer was isolated to yield 14.72 g of a glassy solid NMR (200 MHz, CDCI 3 ) 8 8.03 (d, 1 H t J= 7Hz); 7.67 
(m, 4H); 7.36 (d, 1H, J= 7Hz); 7.05 (d, 2H, J= 7Hz); 5.28 (s, 2H); 4.43 (s, 2H); 3.63 (s, 3H); 2.53 (t, 2H, J= 7Hz); 1.60 (t 
of t, 2H, J= 7,7Hz); 1.30 (t of q, 2H, J= 7,7Hz); 0.87 (t, 3H, J= 7Hz). Mass Calcd. for CasH^CIF^OsS: 586.1264. 
Found: 586.1285. 

so PART C: 2-ButvM-[4-(2-Cai1x)xvbenzoynben 

2-Butyl-1-[4-(2K»itK)methoxybenzoyl)benzyQ-4<hloro-5-hydroxymethv^ (500 mg, 1.13 mmol, 1 eq), 0.5 

N KOH in methanol (2.27 mL, 1.14 mmol, 1 eq), and 0.5 mL of H 2 0 were mixed and stirred. After 6 hours, water (50 
mL) was added and the pH was lowered to 3-5 with cone. HCI. The aqueous mixture was extracted with ethyl acetate 
55 (3 x 50 mL) and the organic layers were dried (MgS0 4 ) and concentrated to give 200 mg of product; m.p. 90.0-95.0°. 
NMR (200 MHz, CDCI 3 ) 8 8.05 (d. 1H, J= 7Hz); 7.48-7.75 (m, 4H); 7.37 (d. 1H, J= 7Hz); 7.00 (d, 2H, J=7Hz); 5.20 (s, 
2H); 4.40 (s, 2H); 2.45 (t, 2H, J= 7Hz); 1.50 (toft. 2H, J= 7Hz); 1.25 (tof q, 2H. J= 7Hz); 0.79 (t, 3H. J= 7Hz). Anal. 
Calcd. for C23H23CIN2O4 • (CH 3 OH): C, 62.81 ; H, 5.93; Found: C. 62.95: H, 5.99. Mass spectrum shows M-H 2 0. Mass 
Calcd. for C^H^CIN^-^O: 408,1235. Found: 408.1228. 
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Example 2 Q 3 

Preparation of 2-n-Butvl-144^2^rboxvbenzo^ 

5 Using the procedure of Example 202, 2-n-butyl-1 -[4^2K»rtx)xybenzoy0benzyl]-4-hydrQxymethyl-5-chloroimida2Ole 
was prepared from 2-n-butyl-1-[4-(2-carbomethoxybenzoyl)ben m.p. 214.0- 

216.0°. NMR (200 MHz, CDCI 3 + DMSO<l 6 ) 8 8.07 (d, 1H, J= 7,7Hz); 7.32 (d. 1H, J= 7Hz); 7.10 (d, 2H, J= 7Hz); 5.19 
(s. 2H); 4.50 (s, 2H); 2.61 (t. 2H, J= 7Hz); 1.63 (t of t, 2H, J= 7,7Hz); 1.33 (t of q, 2H, J= 7,7Hz); 0.87 (t. 3H, J= 7Hz). 
Titration of the product with 1.000 N NaOH showed the presence of exactly one acidic functionality. Anal. Calcd. for 

w C23H23CIN 2 0 4 : C, 64.71 ; H, 5.43; N, 6.56. Found: C, 64.75; H, 5.30; N, 6.65. 

Example 204 

PART A: Preparation of 2-BLrtvl-1-f4-(2-cart)omethoxYbenz^ hvdrochlo- 
is ri<fe g ftH 

2-Butyl-1-[4-(2-caroomethoxybenzoyQbenzyl]-4-cM ( 5 0 ° 9. 11 -3 mmol, 1 eq) was 

dissolved in 50 ml_ chloroform and to this solution was dropwise added thionyl chloride (4. 13 mL, 56.6 mmol, 5 eq) with 
stirring at room temperature. After 4 hours, the solvent and excess thionyl chloride were removed by rotary evaporation. 
20 Toluene (100 mL) was added to the residue and the solvent again removed by rotary evaporation. Toluene was again 
added and while evaporating the second time, product crystallized from solution yielding 2.91 g of a white solid; m.p. 
139.0-143.5°. NMR (200 MHz, CDCI 3 ) 5 8.07 (d. 1H, J= 7Hz); 7.80 (d, 2H, J= 10Hz); 7.68 (t, 1H, J= 7Hz); 7.58 (t, 1H, 
J= 7Hz); 7.35 (d, 1H, J= 7Hz); 7.13 (d, 2H, J= 10Hz); 5.43 (s, 2H); 4.42 (s, 2H); 3.67 (s, 3H); 2.96 (m, 2H); 1.75 (m, 2H); 
1 .39 (m, 2H); 0.88 (t, 2H, J= 7Hz). Mass Calcd. for C24H 2 4CI 2 N 2 03: 458.1 162. Found: 458.1 160. 

25 

PART B: 2-ButvH -f4-(2-Carbomethoxvbenzovnbenzvn-4-chloro-5-((1 .2.4-triazoM -vnmethyl)imidazole 

2-Butyl-1-[4-(2-carbomethoxybenzoy0be salt (1.00 g, 2.06 mmol, 1.0 

eq), potassium triazolide (0.26 g, 2.39 mmol. 1.1 eq) and DMF (50 mL) were mixed and heated at 90° under N 2 over- 

30 night. The reaction was worked up by removing the solvent in vacuo, taking up the residue in water (200 mL) and ethyl 
acetate (200 mL), separating the layers and extracting the aqueous with ethyl acetate (2 x 200 mL). The organic layers 
were dried (MgS0 4 ) and concentrated; the residue was flash chromatographed over silica gel in 100% ethyl acetate to 
give 780 mg of a white glassy solid. NMR (200 MHz, CDCI 3 ) 8 8.05 (s, 1 H); 8.05 (d, 1 H, J= 7Hz); 7.83 (s. 1 H); 7.74 (d, 
2H, J= 10Hz); 7.66 (t, 1H, J= 7Hz); 7.58 (t, 1H, J= 7Hz); 7.33 (d, 1H, J= 7Hz); 6.98 (d, 2H, J= 7Hz); 5.37 (s, 2H); 5.15 

35 (s, 2H); 3.69 (s, 3H); 2.56 (t, 2H, J= 7Hz); 1.73 (m, 2H); 1.36 (t of q, 2H, J= 7,7Hz); 0.87 (t, 3H, J= 7Hz). Mass Calcd. 
for C^HggCINsOa: 491.1722. Found: 491.1816. 

The following intermediates were prepared by the above procedure using the appropriate nucleophile, imidazole 
starting material, and solvent. 



40 



45 




50 



55 
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butyl 



CI CH 2 -N 



N 



CO.CH. 



CO.CH. 



butyl CI 



CH 2 N, 



butyl CI 



CH 2 CN 



butyl CI 



CHjOCH. 




(Oil)* 



127.0-129. 



CO.CH. 



(Oil) 



CO.CH. 



(•olid) 



NUB (200 MHz, CDClg) 5 8.05 (d, IB, J= 7B«) ; 
7.72 (d, 2H, J= 8Bz); 7.66 (t, 1H, J= 7B«); 
7.56 (t, 1H, J= 7Bz); 7.36 (d, 1H, J= 7B«) ; 
7.33 (bs, 1H); 7.00 (b«, IB); 6.80 (d, 2B, J= 
8Hz); 6.78 (bs, IB); 4.91 (s, 2B); 4.88 (s, 
2B); 3.67 (s, 3B); 2.54 (t, 2B, J= 7Hz); 1.65 
(t of t, 2B, J= 7,7Bz); 133 (t of q, 2B, J= 
7,7Bz); 0.85 (t, 3B, J= 7Bz) . 
NUB (200 MHz, CDClg) 6 8.05 (d, IB, J= 7Bz); 
7.76 (d, 2B, J= lOBz); 7.64 (t, IB, J= 7Hz) ; 
7.56 (t, IB, J«= 7Bz); 7.36 (d, IB, J= 7B«); 
7.06 (d, 2B, J= lOBz); 5.24 (s, 2B) ; 3.66 (s, 
3B); 3.47 (s, 2B); 2.63 (t, 2B, J» 7Bz); 1.70 
(t of t, 2B, J= 7,7Bz); 1.37 (t of q, 2B, J= 
7,7Bz); 0.89 (t, 3B, J= 7Bz) . . 



c NMR (200 MHz, CDC1 3 ) 6 8.05 (d, IB, J= 8Bz); 
7.72 (d, 2H, J= 8Hz); 7.61 (», 2B) ; 7.38 (d, 
IB, J= 7Bz); 7.04 (d, 2B, J= 7Bz) ; 5.20 (s, 
2B); 4.26 (s, 2B) ; 3.63 (s, 3B) ; 3.21 (s, 3B) ; 
2.50 (t, 2B, J= 7Bz); 1.65 (n, 2B) ; 1.29 (■, 
2B); 0.84 (t, 3B, J= 7Bz) . 
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PART C: 2-Butv1-1 -f4-(2-Carboxvbenzoynbenzvn-4<hloro-5-(M .2.4-triazol-1 -vnmethvn imidazole 

2-Butyt-1-[4-(2K»rbomethoxybenzoy1)benzylH (780 mg, 1.59 mmol. 

1 eq), 0.5 N KOH in MeOH (6.34 ml_ 3.17 mmol, 2 eq) and methanol (20 mL) were mixed and stirred at 20° under N 2 . 

5 After 2.5 hours, one more equivalent of 0.5 N KOH in MeOH was added. After seven hours, the solution was acidified 
to a pH of 4 with 1 N HCI, and 200 mL each of ethyl acetate and water was added. TTie layers were separated and the 
aqueous layer was extracted with ethyl acetate (2 x 200 mL). The organic layers were dried (MgS0 4 ) and concentrated 
to give 640 mg of a white glassy solid; m.p. 180.0-188.0°. NMR (200 MHz, CDCy 8 7.94 (d. 1H, J= 7Hz); 7.74 (s, 1H); 
7.65 (S, 1H); 7.55 (d. 2H, J= 7Hz); 7.70-7.50 (m, 3H); 6.67 (d, 2H, J= 7Hz); 5.34 (s, 2H); 5.14 (s t 2H); 2.64 (t, 2H, J= 

10 7Hz); 1.74 (t of t, 2H, J= 7,7Hz); 1.36 (t of q, 2H, J= 7,7Hz); 0.89 (t, 3H, J= 7Hz). Anal. Calcd. for 
C25H24CIN503 • EtOAc: C, 61.53; H, 5.70; N, 12.37. Found: C, 61.72; H, 5.19, N, 12.27. 

Examples 205-207 in Table 1 4 were prepared by the procedure described in Example 203, Part C using the appro- 
priate imidazole starting materials. 

15 Table 14 



20 



25 



30 

Ex. 



35 



40 



45 



50 




13 



205 A-butyl CI ra 2* , \^J °°2 H (oll >* 

206 n-butyl CI CH 2 N 3 C0 2 H 188. 0-190.0 

207 n-butyl CI CHjOCHj COjH 210. 0-211. 5 

a NMR (200 MHz, CDClj/DgO exchange) 6 

9.67 (s, 1H): 7.96 (d. 1H. J- 7Hz): 7.63 (t. 
1H. J- 7H2); 7.SS (t. 2H. J- 7HZ): 7.41 <d. 
2H. J- 10Hz); 7.41 (d. 1H. J- 7Hz): 7.09 (6. 
1H); 7.08 («. 1H): 6.70 (d. 2H. J» 10HX): 
S.65 («, 2H); S.S8 (8. 2H); 2.S9 (t. 2H. 
Jm 7HZ); 1.71 (t Of t. 2H. Jm 7.7HZ): 1-36 
(t Of Q. 2H # J- 7.7HZ): 0.87 (t. 3H. J- 7Hz). 



55 



138 



EP 0 324 377 B1 

Example 208 

PART A: Preparation of 2-ButvH -tt-fc-cartxim^ 

5 The title compound was prepared from 2-buty1-1 -[4-(2-caroomethoxybenzoyl)benzy0-4-chlorc^ 

dazole by the procedure described in Example 26; NMR (200 MHz, DMSO^e) 8 8.00 (d, 1H, J= 7Hz); 7.78 (t, 1H, J= 
7Hz); 7.70 (t, 1H, J - 7Hz); 7.50 (d, 2H, J= 8Hz); 7.46 (d, 1H, J= 7Hz); 7.05 (d, 2H. J= 8Hz); 5.35 (s, 2H); 4.20 (s, 2H); 
3.57 (s, 3H); 2.52 (t. 2H, J= 7Hz); 1 .52 (t of t, 2H ( J= 7,7Hz); 1 .27 (t of q, 2H, J= 7,7Hz); 0.70 (t, 3H, J= 7Hz). Anal. CaJcd. 
for CgsHgsClNgCV C. 60.91: H, 5.11; N, 17.05. Found: C, 60.84; H, 5.12; N, 16.71. Mass Calcd. for C25H 2 5CIN 6 0 3 : 

w 492.1686. Found: 492.1614. 

PART B: Preparation of 2-Butvl-H4-(2-rartooxvbenzo 

The title compound was prepared from 24jutyl-1-[4-(2-carbomethoxybenzoyl)benzyl]-4-chloro-5-[(1H-tetrazol-5- 
75 yl)methyl]imidazole by the procedure described in Example 202, Part C; m.p. 228.0-229.5°. NMR (200 MHz, DMSO-d 6 ) 
8 7.98 (d, 1H, J= 7Hz); 7.73 (t, 1H, J= 7Hz); 7.69 (t, 1H, J= 7Hz); 7.55 (d, 2H, J= 8Hz); 7.38 (d, 1H, J= 7Hz); 7.05 (d, 
2H, J= 8Hz); 5.32 (s, 2H); 4.16 (s, 2H); 2.50 (t, 2H, J= 7Hz); 1 .50 (t of t, 2H, J= 7,7Hz); 1.24 (t of q, 2H, J= 7,7Hz); 0.80 
(t, 3H, J= 7Hz). Anal. Calcd. for C24H 2 3CIN 6 0 3 : C, 60.19; H, 4.84; N, 17.55. Found: C, 59.73; H, 4.61 ;N, 17.82. 

20 Example 209 

PART A: Preparation of 5-AminometriYl-2-n-buM-1-^ chromium 
salt 

25 5-Azidomethyl-2-n-buty1-1-[4-(2«carbom (4-24 g, 9.1 mmol, 1 eq), chro- 

mium (II) chloride (6.75 g, 54.7 mmol, 6 eq), acetone (40 mL) and water (13 mL) were mixed and stirred (the chromium 
(II) chloride being added last). After N 2 evolution had stopped, the reaction mixture was diluted with saturated aqueous 
sodium bicarbonate (250 mL) and extracted with ethyl acetate (3 x 250 mL). The organic layers were dried (MgS0 4 ) 
and concentrated to give solids which after washing with ether gave 2.92 g of white solid (chromium salt of the product); 

30 m.p. 178.5-181.0°. NMR (200 MHz, CDCI^MSO-de) 8 8.85 (bs, 1H);8.05(d, 1H. J= 7Hz); 7.57-7.25 (m, 4H); 7.36 (d, 
1H, J= 7Hz); 7.06 (bd, 2H, J= 7Hz); 5.67 (bs. 2H); 3.85 (bs, 2H); 3.67 (s, 3H); 2.60 (t, 2H, J= 7Hz); 1.68 (m, 2H); 1.37 
(t of q, 2H, J= 7,7Hz); 0.89 (t, 3H, J= 7Hz). Mass Calcd. for C24H26CIN3O3: 439.1663. Found: 439.1663. Anal. Calcd. 
for Cr(C 2 4H2 6 CIN 3 03)2: C, 61.87; H, 5.62; N, 9.02. Found: C, 61.46; H, 5.59; N, 8.54. 

35 PART B: Preparation of 2-ButyM-chloro1 2-car bomethoxvbenzQyl)benzyl1-^ 
zole 

5-Aminomethyl-2-butyl-1-[4-(2-car^ (chromium salt) (500 mg, 1.14 

mmol, 1 eq) was dissolved in a mixture of 1.00 N NaOH (1.14 mL, 1.14 mmol, 1 eq) and H 2 0 (10 mL). Tetrahydrofuran 

40 may be added to assist solvation. The solution was cooled to 0° when methyl chloroformate (0.176 mL, 2.28 mmol, 2 
eq) in THF (5 mL) was slowly dripped in, in five equal portions, alternating with five portions of 1.00 N NaOH (total of 
1 .14 mL, 1 .14 mmol, 1 eq). When the addition was complete, the mixture was stirred at room temperature for 4 hours. 
Water (100 mL) was added and the pH adjusted to 5 with 1 N HCI. The aqueous was extracted with ethyl acetate (3 x 
100 mL), the organic layers dried (MgS0 4 ) and stripped to give a white glass (560 mg). Flash chromatography in 100% 

45 ethyl acetate to 1 00% isopropanol yielded 280 mg of product as an oil. NMR (200 MHz, CDCI 3 ) 8 8. 1 0 (d, 1 H, J= 7Hz); 
7.75 (d, 2H, J= 7Hz); 7.75-7.56 (m, 2H); 7.39 (d, 1H, J= 7Hz); 7.02 (d. 2H, J= 7Hz); 5.32 (s, 2H); 4.83 (m, 1H); 4.28 (d, 
2H, J= 7Hz); 3.70 (s, 3H); 3.57 (s, 3H); 2.58 (t, 2H J= 7Hz); 1 .72 (t of t, 2H, J= 7,7Hz); 1 .37 (t of q, 2H, J= 7,7Hz); 0.92 
(t, 3H, J= 7Hz). Mass Calcd. for C 26 H 2 8CIN30 5 : 497.1717. Found: 497.1699. 

The following intermediates were prepared or could be prepared by the procedure described in Example 209, Part 

50 B from the corresponding 5-(aminoalkyl)imidazole intermediate and the appropriate chloroformate or sulfonyl chloride. 
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tt J n-butyl CI CH 2 HHC0CH 
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o 

55 n-butyl Cl CH 2 NHS0 2 CH 3 163.0-168.0 



CH 3 C 2 C 
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PART C: Preparation of 2-BuM-4K;hloro-H4-(2-cafboxvben^ 

5 Using the procedure of Example 202, Part C (with or without refluxing), 2-butyl-1-[4-(2-carboxybenzoyl)benzyl]-4- 
ch!oro-5-(methoxycarbonylaminomethyl)imidazole was prepared from 2-butyl-1-[4-(2-carbomethoxybezoyl)benzyl]-4- 
chloro-5-(methoxycarbonylaminomethyl)imidazoie; mp = sublimes. NMR (200 MHz, DMSO«J 6 ) 5 13.17 (bm, 1H); 7.97 
(d. 1 H, = 7Hz); 7.71 (t, 1 H, J= 7Hz); 7.63 (t, 1 H, J. 7Hz); 7.56 (d, 2H, J= 10Hz); 7.50 (m, 1 H); 7.36 (d, 1 H, J= 7Hz); 7.03 
(d, 2H, J= 10Hz); 5.31 (s, 2H); 4.06 (d, 2H, J= 7Hz); 2.46 (t. 2H, J= 7Hz); 1 .48 (t of t. 2H. J= 7,7Hz); 1 .22 (t of q, 2H, J= 

10 7,7Hz); 0.78 (t, 3H, J= 7Hz). Anal. Calcd. for C25H26CIN3O5: C, 62.05; H, 5.42; N, 8.68. Found: C, 61.97; H, 5.58; N, 
8.40. Mass Calcd. for C 2 5H 2 6CIN 3 0 5 : 483.1561. Found: 483.1560. 

Examples 210-216 in Table 15 were prepared or could be prepared by the procedure described in Example 209, 
Part C using the appropriate starting material. 
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R 



R 




C0 2 H 



n-butyl CI 



CH 2 NHCOCH 2 CH 3 



C0 2 H 



C0 2 H 



C0 2 H 



n-butyl CI 



n-butyl CI 



n-butyl CI 



CH 2 NHCOCH 2 CH 2 CH 3 
CH 2 NHC-OCfi 

CH, 

O 

CH,NHCOCH,CH,CH.CH, 
2 2 2 2 3 



CO z H 



n- butyl CI 



CM 2 MHCOC 6 H 5 



C0 2 H 



C0 2 H 



n-butyl CI 



n-butyl CI 



CH 2 NHSCH 3 
O 
O 

CH 2 NHCOCH 2 C 6 H_ 



(oil)* 



a MKR (200 MHz. CDC1.) 6 7.97 (d. 1H. J- 
7HZ): 7. 71-7. SO (■« 4H): 7.45 (d. 1H. J- 
7HZ): 6.»5 (d. 2H. Jm 8HZ); 5.23 («. 2H) : 
4. 15 (S. 2H): 2.57 (t. 2H. J- 7Hz); 1.67 (t 
of t. 2H. J - 7.7HZ): 1.36 (t Of q. 2H. J- 
7.7HZ): 0.67 (t. 3H. J. 7Hz). 
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Ex a m p le 21 7 

PART A: Preparation of 2-BuW1-144-(2-c»rbomethox^ 

mjtfpjmethynimictaote 

5 

Triflic anhydride (0.21 mL, 1 .25 mmol, 1 .1 eq) was slowly added to a pyridine (20 mL) solution of the chromium salt 
of 5-aminomethyl-2-butyl-1-[4-(2-carbomethoxybenzoyl)ben2y1]-4-chloroimidazoie (0.50 g, 1.1 mmol, 1.0 eq) at 0°C. 
The solution was allowed to warm to room temperature. After 1 .5 hour, 1 .5 equivalents of triflic anhydride were added 
at 0°. After an additional 4 hours at room temperature, water (200 mL) was added and the pH adjusted to 5. The aque- 
10 ous was extracted with ethyl acetate (3 x 100 mL) and the organic layers dried (MgS0 4 ) and concentrated to yield 150 
mg of a yellow oil which was used as is for the subsequent hydrolysis step. NMR (200 MHz, CDCI 3 ) 8 8.33 (bm, 1 H); 
7.96 (d, 1 H, J= 7Hz); 7.64 (d, 2H, J= 10Hz); 7.56 (t, 1 H, J= 7Hz); 7.48 (t, 1 H, J= 7Hz); 7.28 (d, 1 H, J= 7Hz); 6.92 (d, 2H, 
J= 10Hz); 5.21 (s, 2H); 4.14 (s, 2H); 3.17 (s, 3H); 2.48 (t, 2H, J= 7Hz); 1.55 (t Of t, 2H, J= 7,7Hz); 1 .24 (m, 2H); 0.79 (t, 
3H, J= 7Hz). 

15 

PART B: Preparation of 2-BuWI-H4-(2-rartK)xybenzov^ 
zole 

2-Butyl-1 -[4-(2<aroomethoxybenzoyl)benzyq-4^hloro-5-[(trifluoromethylsulfonamido)methy0imid (1 50 mg, 
20 0.26 mmol, 1 eq), 1 .000 N NaOH (0.55 mL, 0.55 mmol, 2. 1 eq), methanol (20 mL), and water (0.5 mL) were mixed and 
stirred for 5 hours at room temperature under N 2 . The solvent was removed in vacuo . Water (50 mL) was added and 
the pH was adjusted to 4 with 1 N HCI. Tan solids precipitated. These were collected and dried to yield 89 mg. NMR 
(200 MHz, DMSO-d 6 ) 8 7.98 (d. 1H, J= 7Hz); 7.70 (t, 1H, J= 7Hz); 7.68 (t, 1 H, J= 7Hz); 7.63 (d, 2H, J= 10Hz); 7.37 (d. 
1H, J= 7Hz); 7.10 (d, 2H, J= 10Hz); 5.34 (s, 2H); 4.20 (s, 2H); 2.50 (t, 2H, J= 7Hz); 1.49 (t oft, 2H, J= 7,7Hz); 1.27 (t of 
25 q, 2H, J= 7,7Hz); 0.80 (t, 3H, J= 7Hz). Mass calcd. for C24H23CIF3N3O5S: 557.0999. Found: 557.0988 

Example 218 

PART A: Preparation of 2-Butvl-1 -f4-(2-carbomethoxYbenzovnbenzvl]-5-r(4-ca rt>omethoxv-1 .2.3-triazol-1 -vDmethyM- 
30 chloroimidazole and 2-butvl-1 -[4-(2-cail3omethoxvbenzovll benzvll-5-ff5-carbomethoxv-1 .2,3-triazol-1 -vQmethvlH- 
chloroimidazole 

5-Azidomethyl-2^utyl-4-chloro-1-[4-(carbomethoxybenzoyl)benzyl]imidazole (0.50 g, 1.07 mmol, 1 eq), methyl 

propiolate (0.95 mL, 1 0.7 mmol, 1 0 eq) and toluene (20 mL) were mixed and ref luxed under N 2 for 3 hours. The reaction 
35 mixture was concentrated and the residue flash chromatographed over silica gel in 75:25 hexane/ethyl acetate. The two 

regioisomers were separated to give 10 mg of the faster eluting isomer as a glass and 330 mg of the slower as a solid. 

The slower isomer could be further purified by washing with ethyl acetate to give 190 mg of white crystalline solid. 

Faster eluting isomer: NMR (200 MHz, CDCI 3 ) 8 8.06 (d, 1H, J= 8Hz); 7.96 (s, 1H); 7.73-7.54 (m, 4H); 7.37 (d, 1H, J= 

8Hz); 6.86 (d, 2H, J= 8Hz); 5.76 (s, 2H); 5.41 (s, 2H); 3.90 (s, 3H); 3.68 (s, 3H); 2.56 (t, 2H, J= 7Hz); 1 .67 (t of t, 2H, J= 
40 7,7Hz); 1.35 (t of q, 2H, J= 7,7Hz); 0.86 (t, 2H, J= 7Hz). Mass calcd. for C28H28N5O5CI: 549.1778. Found: 549.1860. 

Slower eluting isomer: m.p. 163.5-1 67.0°; NMR (200 MHz, CDCI 3 ) 8 8.06 (d, 1H, J= 8Hz); 8.00 (s. 1H); 7.72 (d, 2H, J= 

8Hz); 7.72-7.55 (m, 2H); 7.41 (d, 1H, J= 7Hz); 6.96 (d, 2H, J= 8Hz); 5.40 (s, 2H); 5.23 (s, 2H); 3.95 (s, 3H); 3.69 (s, 3H); 

2.58 (t, 2H, J= 7Hz); 1.70 (t of t, 2H, J= 7,7Hz); 1.38 (t of q, 2H, J= 7,7Hz); 0.89 (t, 3H, J= 7Hz). Mass calcxJ. for 

C28H28N5O5CI: 549.1778. Found: 549.1763. 
45 The intermediates shown below were prepared or could be prepared by the procedure described in Example 218, 

Part A using the appropriate starting materials. 
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C0 2 CH 3 



n-propyl H CH 2" > T_ 



NHS0 2 CP 3 



C0 2 CH 2 C 6 H 5 
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N 



NHS0 2 CF 3 



CO C H 



(oil)* 
(mixture of 
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a NUB (200 MHz, CDClj) shows a mixture of 
2 regio isomers; 6 8.08 (d, 1H, J» 8Hs) ; 
7.80-7.55 (m, 4H) ; 7,44-7.34 (m, 1H) ; 7.28 (s, 
1H); 7.00-6.88 (m, 2H); 5.40 (s, 0.5 x 2H) ; 
5.32 (s, 0.5 x 4H); 5.20 (s, 0.5 x 2H) ; 3.71 
(s, 0.5 x 3H); 3.60 (s, 0.5 x 3B) ; 2.75-2.48 
(m, 4H); 1.80-1.21 (m, 8B); 1.00-0.81 (m, 6H) . 



PART B: Preparation of 2-ButyM-f4-(2-carboxvbenzovl)benzvn-5-^ 

zoIb and 2-butyi-1 >[4^2-carboxvbenzovl)benzvn-5-r(5-carboxv-1 .2.3-tria zoM -vl^methvn-4-chloroimidazole 

The slower eluting isomer in Example 218, Part A (190 mg, 0.35 mmol, 1 eq), 0.5 N KOH in methanol (2.76 mL, 
1 .39 mmol, 4 eq) and 5 mL of water were mixed and ref luxed overnight under N 2 . Water (50 mL) was added and the pH 
adjusted to 5. The aqueous mixture was extracted with ethyl acetate (3 x 50 mL), the organic fractions dried (MgS0 4 ) 
and concentrated to give a residue which was triturated with ether yielding 160 mg of solid product. NMR (200 MHz, 
DMSCkJ 6 + py-d 5 ) 8 8.20 (d, 1H, J= 8Hz); 7.86-763 (m, 4H); 7.57 (d, 1H, J= 8Hz); 7.43 (s, 1H); 7.04 (d, 2H, J= 10Hz); 
6.84 (s, 2H); 6.63 (s, 2H); 2.62 (t. 2H, J= 7Hz); 1.65 (t oft, 2H, J= 7,7Hz); 1.30 (t of q, 2H, J» 7,7Hz); 0.81 (t, 3H, J= 
7Hz). Mass Calcd. for C 2 6H24N 5 05CI-C0 2 : 477.1567. Found: 477.1593. 

The faster eluting isomer in Example 218, Part A was hydrolyzed in a similar fashion except that upon acidification 
in the work-up, solid product precipitated, m.p. 149.0-152.5°. NMR (200 MHz, DMSO-d 6 ) 8 8.02 (s, 1 H); 8.02 (d. 2H, J= 
7Hz); 7.74 (t, 1H, J= 7Hz); 7.66 (t, 1H, J= 7Hz); 7.50 (d, 2H, J= 7Hz); 7.37 (d, 1H, J= 7Hz); 6.92 (d, 2H, J= 7Hz); 5.83 
(S. 2H); 5.42 (s. 2H); 2.52 (t, 2H, J= 7Hz); 1 .55 (t of t, 2H, J= 7Hz); 1 .28 (t of q, 2H, J= 7,7Hz); 0.78 (t, 3H, J= 7Hz). Mass 
calcd. for C26H24N5O5CI-CO2: 477.1567. Found: 477.1479. 

Examples in Table 16 were prepared or could be prepared by the procedure described in Example 218, Part B. 
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Ex . 

^ si si e! eil mp eo 

219 n-butyl CI CT 2-f~* N CO,H S? ll >*, 

2 (2 regio 

nBu isomers) 

220 n-butyl Cl CH 2 W y r co^h 

COOH COOH 

221 n-butyl Cl C V N ^\ N NHSO^Fj 

COOH 

222 n-butyl Cl CM 2 f ^j i NHS0 2 CP, 

COOH 



a Nlffi (200 MHz, CDClg) 5 6.03 (a, 1H) ; 7.77-7.42 
(m, 5H); 7.33 (s, 1H) ; 5.36 (s, 2H) ; 5.26 (s, 
2H); 2.68-2.45 (m 9 4H) ; 1.82-1.48 (a, 4H) ; 
1.42-1.20 (m, 4H); 1.00-0.80 (a, 6H) . 



Example 223 

PART A: Preparation of 1-(4-FfrrnTy1benzy1)-24xftvl-4-chloro-54w^^ 

To a solution of 5.05 g of H4<yanobenzyl)-24xityM<h!oro-5-r^ in 350 mL of benzene at 

25° was added dropwise 22.8 mL of diisobutylaluminum hydride (0.15 M in toluene). The mixture was warmed to 45° 
and stirred for 1 6 hours. After cooling, the reaction mixture was poured in ice-cold 20% aqueous sulfuric acid. This solu- 
tion was allowed to warm to 25° and then stirred for 2 hours. The solution was cooled to 0°, neutralized using aqueous 
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sodium hydroxide and extracted with ethyi acetate. The combined organic phases were washed with water and brine, 
dried over anhydrous sodium sulfate, filtered, and concentrated. Column chromatography on silica gel (elution: 0-20% 
ethyl acetate/benzene) provided 3.60 g of 1-(4-formyl-benzyl)-2-butyl-4-chloro-5-hydroxymethylimidazole; NMR (200 
MHz, CDCI 3 ) 6: 9.96 (s, 1H); 7.47 (A 2 M 2 , 4H); 5.26 (s, 2H); 4.42 (s, 2H); 2.54 (t, 2H); 1.64 (quint., 2H); 1.32 (sext., 2H); 
5 0.86 (t, 3H). 

PART B: Preparation of 1-f(2'-Cyano-fr^-stilben-4-yl)meth^^ 

To a solution of 0.98 g of a-bromo-o-tolunrtrile in 25 mL of dimethylformamide at 25° was added 1 .40 g of triphenyi- 
10 phosphine. The mixture was stirred at 80° for 3 hours, then treated with 1 .53 g of 1 -(4-formy1benzyl)-2-butyl-4-chloro-5- 
hydroxymethylimid azole, followed immediately by 0.54 g of sodium methoxide, and the mixture was diluted with water 
and extracted with benzene. The organic phases were combined and washed with water and brine, dried over anhy- 
drous sodium sulfate, filtered, and concentrated. Column chromatography on silica gel (elution: 0-20% ethyl ace- 
tate/benzene) afforded 0.45 g of 1-[(2'-cyano-lmn£*tilben-4-yl)me^ 
15 NMR (200 MHz, CDCI 3 ): 8 8.01 (d, 1h); 7.85 (d, 1h); 7.73 (t, 1h); 7.47 (t, 1h); 7.44 (AB, 2H, J=16.3); 7.38 (A^, 4H); 
5.28 (s, 2H); 5.24 (t, 1 H); 4.34 (d, 2H); 2.49 (t, 2H); 1 .47 (quint, 2H); 1 .24 (sext., 2H); 0.79 (t, 3H). 

PART C: 1 4f2'-Cart3Qxv-trans-stilben 

20 A solution of 0.40 g of 1 -[2'-cvano- trans -stilben-4-v1)methyl1^ in 20 mL of 

ethylene glycol and 1 2 mL of 1 0% aqueous sodium hydroxide was ref luxed for 5.5 hours. After cooling, the reaction mix- 
ture was filtered, and the solvent was removed in vacuo. The residue was dissolved in water, and the solution was acid- 
ified to pH 3.5 using hydrochloric acid and the resulting emulsion was extracted with chloroform. The combined organic 
phases were washed with saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate, filtered 

25 and concentrated. Column chromatography on silica gel (elution:5% methanol/chloroform) afforded 0. 1 2 g of 1 -[(2'-car- 
boxv- frans -stilben-4-y1)methyn-2-b^ NMR (200 MHz, CDCI 3 ): 5 8.08-8.00 (m, 

2H); 7.71 (d, 1h); 7.57-7.47 (m, 3H); 7.34 (t, 1h); 7.01-6.92 (m, 3H); 5.21 (s, 2H); 4.50 (s, 2H); 2.60 (t. 2H); 1.62 (quint, 
2H); 1.31 (sext., 2H); 0.03 (t, 3H). 

30 Example 224 

PART A: Preparation of N-(4-Benzvloxvbenzvnqlvcine ethyl ester 

To a suspension of 1 1 .0 g of glycine ethyl ester hydrochloride in 100 mL of dimethylformamide at 25° was addes 
35 22.0 mL of triethylamine. To the resulting milky suspension was added 9.08 g of 4-benzyloxybenzyl chloride in 50 mL 
of DMF dropwise over 0.5 hour. The mixture was stirred for 16 hours at 25°. The reaction mixture was diluted with die- 
thyl ether and then filtered to remove the precipitated triethylamine hydrochloride. The resulting solution was concen- 
trated in vacuo, and the residue was dissolved in ethyl acetate. The solution was washed with water and brine, dried 
over anhydrous sodium sulfate, filtered, and concentrated. Kugelrohr distillation provided 5.90 g of N-(4-benzyloxyben- 
40 zyl)glycine ethyl ester [bp 160-180° (0.015 torn)]; NMR (200 MHz, CDCI 3 ): 8 7.43-7.27 (m, 5H); 7.06 (A 2 B 2 , 4H); 5.01 
(s. 2H); 4.14 (quart.. 2H); 3.71 (s, 2H); 3.36 (s, 3H); 2.01 (bs. 1h); 1.24 (t, 3H). 

PART B: Preparation of N-f4-Benzvloxvbenzvn-N -formvlolvcine ethvl ester 

45 A solution of 5.83 g of N-(4-benzyloxybenzyl)glycine ethyl ester, 0.86 mL of formic acid, and 20 mL of xylene was 
refluxed for 2 hours using a Dean-Stark trap to remove the water produced in the reaction. After cooling, the reaction 
mixture was washed with 20% aqueous formic acid, water, saturated sodium bicarbonate solution, water and brine. 
Finally the mixture was dried over anhydrous sodium sulfate, filtered, and the filtrate was concentrated to furnish 6.23 
g of crude N-(4-benzyloxybenzyl)-N-fbrmyl glycine ethyl ester, used in the following reaction without further purification. 

so 

PART C: Preparation of 1-(4-BerTzyloxybenzvl)-5-c arbomethoxv-2-(3H)-imidazolethione 

To a suspension of 1 .10 g of sodium methoxide in 35 mL of tetrahydrofuran at 10° there was added in one portion, 
a solution of 6.23 g of N-(4-benzyloxybenzyl)-N-formyl glycine ethyl ester and 3.46 mL of methyl formate in 15 mL of 
55 THF. The mixture was stirred at 10° for 1 hour and then at 25° for 16 hours. The solvent was removed in vacgo and the 
residue dissolved in 36 mL of methanol. To this solution was added 3.57 mL of cone, hydrochloric acid, and the mixture 
was stirred at 40° for 0.5 hour. A solution of 2.80 g of potassium thiocyanate in 6 mL of water was added, and the result- 
ing mixture was stirred for 16 hours at 40°. Finally, 40 mL of water was added, and the mixture was allowed to cool to 
25°. The precipitated solid was recovered by filtration to afford 3.60 g of 1-(4-benzyloxybenzyl)-5-carbomethoxy-2(3H)- 
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imidazolethione: NMR (200 MHz, CDCy: 6 1 1 .25 (bs, 1 h); 8.05 (s. 1h); 7.39 (m, 5H); 7.03 (A2B2. 4H); 5.06 (s, 2H); 4.56 
(s, 2H); 3.81 (s, 3H). 

PART D; Preparation of H4-Benzytowfren*yQ-3i?ropy| ^ 

5 

To 60 mL of ethanol at 25° was added portionwise 0.30 g of sodium metal. After the sodium metal has reacted 3.54 
g of 1-(44)enzyloxyberuyO-5-cartx)methQxy-2-(3H)-imlda2olethione was added followed immediately by 2.24 mL of 1- 
iodopropane, and the mixture was stirred at 24° for 3 hours. At this point, the solvent was removed in vacuo, and the 
residue was dissolved in methylene chloride. This solution was washed with water and brine, dried over anhydrous 
10 sodium sulfate, filtered, and concentrated to furnish 3.46 g of crude 1 -(4-benzyloxybenzyO-2-propyHhio-5-carboethoxy- 
imidazole, used in a subsequent reaction without further purification; NMR (200 MHz, CDCI3): 6 7.77 (s. 1h); 7.45-7.32 
(m, 5H); 7.03 (A 2 B2, 4H); 5.49 (s, 2H); 5.03 (s, 2H); 4.28 (quart., 2H); 3.20 (t, 2H); 1.32 (t. 3H); 1.02 (t, 3H). 

The following intermediates were prepared or could be prepared employing the above procedure. 




30 
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n-CgH^S- 
n-C 4 H 9 S- 
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PART E: Preparation of 1 -(4- BenzvloxvbenzvlV2H3roDvlthio-5-hvdroxvmethyl imidazole 

A solution of 2.05 g of 1 •(4-benzyloxybenzyl)-2-propylthio-5-carboethoxyimidazole in 10 mL of tetrahydrofuran was 
45 added dropwise to 10 mL of 1M lithium aluminum hydride in THF at 0° such that the reaction temperature remained 
below 5°. The resulting solution then was stirred at 0° for 1 hour. At this point, the reaction mixture was quenched by 
sequential dropwise addition of 0.40 mL of water, 0.40 mL of 1 5% aqueous sodium hydride, and 1.20 mL, of water. The 
resulting suspension was filtered employing diethyl ether, and the filtrate was concentrated to furnish 1 .55 g of 1 -{4-ben- 
zyloxybenzyl)-2-propylthio-5-hydroxymethylimidazole; NMR (200 MHz, CDCIa): 8 7.41-7.29 (m, 5H); 7.03-6.86 (m, 5H); 
so 5.22 (s, 2H); 5.01 (s, 2H); 4.45 (s, 2H); 3.01 (t, 2H); 2.32 (bs, 1h); 1.66 (sext, 2H); 0.97 (t, 3H). 

The intermediates shown below were prepared or could be prepared employing the above procedure. 
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PART F: Preparation of l-f4-Hvdroxvbenzvn-2-pro pvtthio-5-hvdraxvmethvlimidazole 

30 

A solution of 1 .40 g of 1 -(4-beruylojcybenzyl)-2i3ropylthio-5-hydroxymeth in 15 mL of trif luoroacetic acid 

was refiuxed for 0.25 hour. After cooling, the reaction was poured into water containing an excess of sodium bicarbo- 
nate, and the resulting emulsion was extracted with ethyl acetate. The combined organic phases were washed with 
brine, dried over anhydrous sodium sulfate, filtered, and concentrated. Column chromatography on silica gel (elution: 
35 0-5% methanol/chloroform) afforded 0.28 g of 1-(4-hydroxybenzyl)-2-propyithio-5-hydroxymethylimidazole; NMR (200 
MHz, DMSOd 6 ): 8 9.41 (s. 1h); 6.88 (s. 1h); 6.79 (A^. 4H); 5.14 (t. 1h); 5.07 (s. 2H); 4.33 (d, 2H); 2.89 (t, 2H); 1.54 

(sext, 2H); 0.88 (t, 3H). 

These intermediates were prepared or could be prepared employing the above procedure. 
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STEP G: Preparation of 1>r4-f2-Cv anobenzvloxv)benzyn-2^ropylthio-5-hvdroxvmethvlimidazole 

5 The title compound was prepared from 1 -(4-hydroxybenzyl)-2i)ropytthio-5-hydroxymethylimidazd using the pro- 
cedure described in Example 192, Part C; NMR (200 MHz, CDCI 3 ): 6 7.66 (m, 3H); 7.43 (m, 1h); 7.03 (s, 1h); 6.99 
(A2B2. 4H); 5.23 (s, 2H); 5.22 (s, 2H); 4.47 (s. 2H); 3.04 (t, 2H); 1.69 (sext., 2H); 0.98 (t, 3H). 

The following 2-mercaptoimidazoles shown below were prepared by the procedure illustrated above. 



15 



20 



25 



30 




35 



40 STEP H: Preparation of 1-f4-(2-CarboxYbenzYloxY)benzvq-2^ ^ 

A solution of 0.23 g of 1[4-(2-cyanobenzy1axy)benzyQ-2-proptf in 17 mL of ethylene 

glycol and 7 mL of 10% aqueous sodium hydroxide was refiuxed for 14 hours. After cooling, the reaction mixture was 
filtered, and the solvent was removed in vacuo. The residue was dissolved in water, and the solution was acidified to pH 
45 3.5 using hydrochloric acid. The precipitated solid was recovered by filtration and recrystallized from aqueous ethanol 
to furnish 0.094 g of 1 -[4-(2-(^oxybenzylc^)benzyq-2^ NMR (200 MHz, DMSO- 

d 6 ): 8 13.12 (bs, 1h); 7.93 (d, 1h); 7.58 (m, 2H); 7.45 (m, 1h); 6.99 (AgBg, 4H); 6.98 (s, 1h); 5.42 (s, 2H); 5.25 (bs, 1h); 
5.17 (s, 2H); 4.35 (s, 2H); 2.92 (t, 2H); 1.54 (sext., 2H); 0.89 (t, 3H). 

The following 2-mercaptoimidazoles of Table 17 were prepared or could be prepared by the procedure illustrated 
50 above. 
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Table 17 



5 
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15 



20 



25 




30 



Example 227 

35 PART A: Prepar ation of 1-r4-NitrobenzvlV2-btrtvl-4-chlQroimidaZQle-5-aldehYde 

A mixture of 1 g of 1-(4-nltrobenzyl)-2-butyl-4-chloro-5-hydroxymethyl imidazole and 5 g of activated Mn0 2 in 
CH 2 CI 2 was stirred at room temperature for 16 hours. Jhe reaction mixture was filtered through cel'rte and the filtrate 
was concentrated to give a thick oil which was purified by flash column chromatography on silica gel (Hexane:ethyl ace- 
40 tate=1.5:1 elution). The desired compound was obtained as a colorless solid, 0.76 g; m.p. 88-89°; NMR (200 MHz, 
CDCI 3 ): 8 9.74 (2, 1h); 5.64 (s, 2H); 2.63 (t, 3H, J=7.4 Hz); 1.68 (m, 2H); 1.34 (m, 2H); 0.89 (t, 3H, J=7.3 Hz). 

PART B: Preparation of 3-f1-f4-Nifr()benzvlV2^ijt^^-chloroimid azol>5'VllproDenoic acid, ethvl ester. E and Z isomers 

45 A mixture of 1 .2 g of 1 -(4-nitrobenzyl)-2-butyl-4-chloroimidazole-5-aldehyde and 1 .5 g of (carboxymethylene)triphe- 
nylphosphorane in 50 mL of benzene was ref luxed for 2 hours. The reaction mixture was concentrated and the residue 
was purified by flash column chromatography on silica gel (Hexane:EtOAc=3:1 elution). The major product, the E iso- 
mer, was eluted first and was obtained as a thick oil initially which solidified to give an amorphous solid, 1 .2 g. The minor 
product, the Z isomer was eluted next and was isolated as a thick liquid, 85 mg. E isomer: NMR (200 MHz, CDCI 3 ): 7.3 

so and 6.53 (d, 2H, 5=16 Hz); 5.3 (s, 2H); 2.62 (t, 2H, J=7.3 Hz); 1.69 (m, 2H); 1.28 (m, 5H); 0.89 (t, 3H, J=7.3 Hz). Z iso- 
mer: NMR (200 MHz, CDCI3): (key peaks only) 8 6.45 and 6.02 (d, 2H, J=11.8 Hz); 5.17 (s, 2H). 

PART C: Preparation of 3-[1-f4-Nitrob ffn?Yl)-24MJtvl-4-chloroimidazol-5-vl1propen-1-ol. E isomer 

55 A solution of 0.5 g of 3-[1-(4-nitrobenzyl)-2-butyl-4-chIoroimidazol-5-yl]propenoic acid, ethyl ester, E isomer in 20 
mL of THF was cooled with an ice bath, 1 .7 mL of 1 .5 M diisopropylaluminum hydride (in toluene) was added slowly. 
The cooling bath was removed and the reaction mixture was stirred at room temperature for 1 hour. The reaction mix- 
ture was then quenched with 3 mL of cone. NH 4 CI solution and the mixture was stirred for an additional 30 minutes. 
During this period an extensive gel-like material formed. The reaction mixture was further diluted with ether and filtered 
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through celite. The filtrate was concentrated and the crude product was purified by flash column chromatography on sil- 
ica gel (Hexane:EtOAc=1 :1 elution). The desired compound was obtained as a thick liquid; NMR (200 MHz, CDCI 3 ): 6 
6.5-6.15 (m, 2H); 5.21 (s, 2H); 4.25 (d, 2H, J=4.5 Hz); 2.35 (t. 3H, J=7.4 Hz); 1.68 (m, 2H); 1.34 (m, 2H); 0.86 (t, 3H, 
J=7.4 Hz). 

5 

PART D: Preparation of 3-f1-(4-Aminobenzvn-2-butvi-4-chloroimidazol-5-yllpropen-1-ol. E isomer 

A mixture of 0.2 g of 3-[1 -(4-nitrobenzyl)-2-bLityl-4<hloroirnidazol-5-yI]propen-1 -ol, 0.1 5 g of iron and 0.3 ml_ of gla- 
cial acetic acid in 10 mL of absolute ethanol was refluxed for 1 hour. The reaction mixture was concentrated to dryness 
w and the residue was dissolved in 20 mL of water and the solution was made basic to pH 8 by adding K 2 C0 3 . The mix- 
ture was then extracted with ethyl acetate and the ethyl acetate layer was washed with water. The organic layer was 
concentrated to give a crude product which was purified by flash silica gel column chromatography (ethyl acetate elu- 
tion). A pure product was obtained as an amorphous solid; NMR (200 MHz, CDCI 3 : 8 6.76 and 6.62 (dd, 4H, J=8.5 Hz); 
6.42-6.22 (m, 2H); 2.57 (t, 2H, J=7.3 Hz); 1.65 (m, 2H); 1.33 (m, 2H); 0.87 (t. 2H, J=7.3 Hz). 

15 

PART E; Preparation of 3-M -(4-(2-Ctei±)0xybe^ E isomer 

To a solution of 95 mg of 3-[1-(4-aminobenzyl)-2-butyl-4-chloroimidazol-5-yQpropen-1-ol in 2 mL of CHCI 3 was 
added 45 mg of phthalic anhydride and the mixture was stirred at room temperature for 1 hour. During this period of 
20 time the initially clear solution became turbid and produced solid. The reaction mixture was diluted with 2 mL of ether 
and the solid was collected by filtration and washed with ether The desired product was obtained as a tan solid. 1 15 
mg, m.p. 150-151°; NMR (10% DMSO-d6/CDa 3 ): S 9.94 (s, 1h); 7.71 and 6.93 (d, 4H, J=8.3 Hz); 6.36 (m, 2H); 5.1 (s. 
2H); 4.18 (d, 2H, J=3.9 Hz); 2.6 (t, 3H, J=7.4 Hz); 1.68 (m, 2H); 1.34 (m, 2H); 0.89 (t, 3H, J=7.4 Hz). 

25 Example 228 

PART A: Preparation of 3-[2-Butyl-4-chloro-1-(4-aminobenzvnimidazol-5-vllpropenoic acid ethyl ester. E isomer 

A mixture of 0.5 g of 3-[2-butyl-4-chloro-1-(4-nitrobenzyl)imidazol-5-yl]propenoic acid ethyl ester (E isomer) pre- 
30 pared from Part B of Example 227, 1 g of iron and 2 mL of glacial acetic acid in 30 mL of absolute ethanol was refluxed 
for 1 hour. The reaction mixture was concentrated to dryness and the residue was dissolved in 50 mL of H 2 0. The aque- 
ous solution was adjusted to pH 8 by K 2 C0 3 and was extracted with ethyl acetate. The crude product obtained upon 
concentration of the ethyl acetate extract was purified by flash silica gel column chromatography (hexaneiethyl ace- 
tates :1 elution). The desired compound was obtained as a thick colorless oil, 0.35 g. 

35 

PART B: Preparation of 3-f2-ButYl-4-chloro-1-(4-(2-carboxvbenzamido)benzyl)imidazol-5-yf|propenoic acid ethyl ester. 
E isomer 

A mixture of 361 mg of the aniline derivative obtained from Part A and 1 50 mg of phthalic anhydride in 3 mL of chlo- 
40 roform was stirred at room temperature for 1 hour. The reaction mixture was concentrated and the residue was tritu- 
rated in ethyl ether. The resulting solid was collected and dried to give a colorless solid, 450 mg, m.p. 180-181°. NMR 
(CDCI 3 , 5% DMSO<l 6 ) 6 0.91 (t, 3H, J= 7,1Hz); 1.1-1.4 (m, 5H); 1.60 (q, 2H, J= 7,3Hz); 2.71 (t. 2H, J= 8,4Hz); 4.17 (q, 
2H, J= 7,3Hz); 5.23 (s, 2H); 6.46 + 7.38 (d each, 2H, J= 16,1 Hz); 6.0-8.0 (m, 8H) ( 10.2 (s, 1H). 

45 Example 229 

PART A: Preparation of 1 -(2'-Cartomethoxvbiphenvl-4-yn^ 

A mixture of 0.68 g of the hydroxymethyl precursor prepared in Example 85, Part C and 3.4 g of activated Mn0 2 in 
so 30 mL of CHCI 3 was stirred at room temperature for 4 hours. The reaction mixture was then filtered through celite and 
the filtrate was concentrated to give a thick oily residue which was purified by flash chromatography on silica gel (hex- 
aneiethyl acetate=2:1 elution). The desired aldehyde was obtained as a thick colorless oil, 0.5 g; NMR (CDCI 3 ): 9.78 
(s, 1H); 5.6 (s. 2H); 3.63 (s, 3H); 2.63 (t, 3H, J=7.4 Hz); 1.68 (m, 2H); 1.34 (m ( 2H); 0.89 (t. 3H, J=7.4 Hz). 

55 PART B: 4-f 1 -(2'-Cari3omethoxvbiphenyl-4-^ E isomer 

A mixture of 0.5 g of 1-(2'-carbomethoxybi- phenyl^-yl)methyl-2-butyM-chloroimidazole-5'Carboxaldehyde and 
.04 g of 1 -triphenylphosphoran- ylidene-2-propanone in 20 mL of benzene was refluxed for 16 hours. The reaction mix- 
ture was concentrated to give an oily residue which was purified by flash chromatography on silica gel (hexaneiethyl 
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acetates :1 elution). The desired compound was obtained as a thick yellowish liquid, 0.46 g; NMR (200 MHz, CDCI3): 
8 7.9-6.8 (m, 10H); 5.24 (s, 2H); 3.62 (s, 3H); 3.62 (s ( 3H); 2.69 (t. 2H, J=7.4 Hz); 2.26 (s, 3H); 1.72 (m, 2H); 1.38 (m, 
2H);0.91 (t, 3H,J=7.4 Hz). 

5 PART C: Preparation of 4-[1-(2'-CarbomethoxvbiphenvM-Y^^ E iso- 

mer 

A solution of 0.45 g of the compound prepared in Part B in 5 mL of methanol was cooled with ice and 0.2 g of 
NaBH 4 was added portionwise. After all the NaBH 4 was added the reaction mixture was stirred tor 10 minutes. The 
10 reaction mixture was concentrated to dryness and the residue was treated with 3 mL of satd. NH 4 CI and the mixture 
was stirred at room temperature for 10 min. The mixture was then extracted with ethyl acetate and the ethyl acetate 
extract was concentrated to give a thick liquid, 0.45 g; NMR (200 MHz, CDCI 3 ): 6.45-6.15 (m, 2H,); 5.16 (s, 2H); 4.34 
(m, 1H, ); 3.67 (s, 3H). 

15 Example 230 

PART A: Preparation of 1-(4-nrtrobenzvn-2-^^ E isomer 

A solution of 0.4 g of benzyltriphenylphosphonium chloride in 20 mL of dried THF was cooled to -30°. To the above 
20 solution was added 0.65 mL of 1 .6 M n-BuLi dropwise. As the BuLi was added the solution turned to deep orange color. 
After stirring for 10 min. at -30°, 0.32 g of 1-(4-nitrobenzyl)-2-butyl-4-chloroimidazole-5-aldehyde was added and the 
reaction mixture was allowed to warm up to room temperature and stirred at room temperature for 2 hours. The reaction 
mixture was quenched with 2 mL of saturated NH 4 CI solution and diluted with ethyl acetate, and the ethyl acetate solu- 
tion was washed with water and a brine solution. Evaporation gave a thick oily residue which was purified by the flash 
25 silica gel column chromatography (hexaneiethyl acetate=3:1 elution) to give a thick yellow oil, 0.39 g. 

PART B: Preparation of 1-f4-(2-Cartx)xvbenzam^^ E isomer 

The compound was prepared from the compound of Part A by the procedure described in Example 227, Parts D 
30 and E; m.p. 111-113° (dec). 

Example 231 

PART A: Preparation of 3 - r2-Butvl-4.chloro>1>(4-nitrobenzvhimidazol-5-yn-3-propen-1-ol acetate . E isomer 

35 

A mixture of 1 g of 3-[1-(4-nitrobenzyi)-2-lxityl-4-chloroimidazol-5-yl]propen-1-ol obtained from Part C of Example 
227, 1 mL of acetic anhydride and 2 mL of pyridine in 20 mL of CH 2 CI 2 was stirred at room temperature for 16 hours. 
The reaction mixture was diluted with 100 mL of ethyl acetate and the organic layer was washed with H 2 0. The crude 
product obtained upon concentration of the organic layer was purified by flash silica gel chromatography (hexane:ethyl 
40 acetate* 1 :1 elution) to give the desired acetate as a thick colorless oil, 0.95 g. 

PART B: Preparation of 3-f2-Butvl-4-chloro-1-f4-ami nobenzvnimidazol-5-yn-3-proDen-1-ol acetate. E isomer 

The nitro compound obtained from Part A was reduced to the amino compound by the conditions described in Part 
45 D of Example 227. The desired compound was obtained as a colorless thick oil. 

PART C: Preparation of 3-[2-Butyl-4-chloro-1 -(4-(2^ito^ acetate, E 

isomer 

50 The phthalamic acid derivative was obtained from the aniline derivative obtained from Part B and phthalic anhy- 
dride by the method described in Part E of Example 227. The desired compound was obtained as a colorless solid, m.p 
84-87°. 

NMR (CDCI3) 6 0.91 (t, 3H, J= 7,1Hz); 1.2 (m, 2H); 1.7 (m, 2H); 2.0 (s, 3H); 2.7 (t, 2H, J= 7,4Hz); 4.57 (d, 2H ( J= 
5,4Hz); 5.06 (s, 2H); 6.24 (m, 2H); 6.9-8.0 (m, 8H); 8.8 (s, 1H). 

55 
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Example 232 

Preparation of 3-f1 -(4-KN-Trif luoromethanesulfonvnanthranilami^ - 
ol acetate. E isomer 

5 

A mixture of 0.72 g of 3-[24xrty1-4-chloro-1-(4-aminobenzy0imidazol-5-yf]-3-propen-1-ol acetate obtained from 
Example 231 , Part B and 0.6 mL of tri-ethylamine in 20 ml_ of CH 2 Cl2 was cooled with an ice bath. To this solution was 
added 0.6 g of o_-(tri-f luoromethanesuffonamido)benzoyl chloride dropwise and the reaction mixture was stirred at room 
temperature for 2 hours. The reaction mixture was then diluted with 100 mL of ethyl acetate, and the ethyl acetate solu- 
10 tion was washed with water, dried over Na 2 S0 4 and concentrated to give a crude product which was purified by a flash 
silica gel column chromatography (3% aceto- nrtrile in ethyl acetate) to give the desired compound as a solid, 1 .05 g, 
m.p. 156-158° NMR (200 mHz, CDCI 3 ): 6 12.9 (bs, 1H); 8.12-6.91 (m); 6.3 (s) 5.09 (s); 4.61 (d, 2H, J=4.5 Hz); 2.04 (s, 
3H). 

15 Example 233 

Preparation of 3-M -(4-((N-trif luoromethanesufonvnanthranil amidol -ol. E 

isomer 

20 A mixture of 0.9 g of the compound of Example 232 and 3 mL of 1 N NaOH in 6 mL of methanol was stirred at room 
temperature for 16 hours. The reaction mixture was diluted with 50 mL of water and the aqueous solution was acidified 
to a pH of 3 with 1 N HCI to produce extensive solids which were collected and washed with water. The solids were then 
dried in vacuo to give 0.85 g of the desired product, m.p. 129-131°; NMR (200 MHz, 5% DMSO-ds/CDCy: 8 1 1.15 (bs, 
1H); 8.02-6.95 (m, 8H); 6.5-6.3 (m, 2H); 5.13 (s, 2H); 4.19 (d, 2H, J=3.5 Hz). 

25 

Example 234 

PART A: Preparation of 3 -f2-BijM-4-chloro.1-(4-nifroben acid, ethvl ester 

30 The sodium salt of diethyl malonate was generated from 2.5 g of NaH (50% oil dispersion) and 8 mL of diethyl 
malonate in 100 mL, of dried DMF with ice cooling. To the above solution was added 5 g of the chloromethyl compound 
and the mixture was stirred at room temperature for 3 hours. The reaction mixture was stirred at room temperature for 
3 hours. The reaction mixture was concentrated and the residue was diluted with 100 mL of water. The aqueous layer 
was acidified to a pH of 6 by 1N HCI and the product was extracted with ethyl acetate. The crude product was purified 

35 by column chromatography (Hexane:EtOAc=2:1 elution) which afforded the product as a thick yellow oil, 2.8 g. 

PART B: Preparation of 3-r2-Butvl-4-chloro-1-(4-nitrobenzvl)imidazol-5-vllpropanoic acid methyl ester 

A mixture of 0.5 g of the compound from Part A in 20 mL of 3N HCI was refluxed for 2 hours. The reaction mixture 
40 was cooled and neutralized to a pH of 6 with 4N NaOH solution. The resulting gummy solids were extracted into ethyl 
acetate and concentrated to give a thick yellow oil, 0.5 g. The propionic acid derivative was dissolved in ethyl ether and 
was treated with diazomethane in ethyl ether to give a crude methyl ester which was purified by column chromatography 
(hexane:ethyl acetate=1 :1) which afforded the product as a waxy solid, 0.34 g. 

45 PART C: Preparation of 3-r2-Btitvl-4-chloro-1-(4-r2-<ttrto acid methyl 

ester 

The nitro compound of Part B was reduced to the corresponding amino compound by methods previously 
described. A mixture of 1 7 mg of the amino compound and 7.5 g of phthalic anhydride in 1 mL of CHCI 3 was stirred at 
so room temperature for 1 hour. The reaction mixture was concentrated to dryness and the residue was triturated with 
ether. The resulting solids were collected and washed with ether. The pure product was obtained as a colorless solid, 
20 mg, m.p. 150.5-151.5° (dec.). 

Example 235 

55 

Preparation of 3-f2-Butvl-4-chloro-1 -(4-((N-trif luoromethanesulfonyl)anthranilamido)benzyl)imidazol-5-vl]propanoic 
acid methyl ester 

Reaction between the amino compound of Example 234, Part C and o-(trifluoromethanesulfonamido)benzoyl chlo- 
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ride using the conditions described in Example 232 produced the title compound as a solid, m.p. 168-172°. 



Example 236 

5 PART A: Preparation of 3-n-f4-Njtrobenzv iy2-bLrtvl-4-chloroimidazol-5-yllDroDanoic acid. N.N-dimethvlamide 

To a solution of 0.7 g of propionic acid from Part B of Example 234 in 20 mL of methylene chloride was added 0.5 
mL of pyridine, 0.16 g of dimethylamine HCI salt and 0.42 g of dicyclohexylcarbodiimide. The mixture was then stirred 
at room temperature for 1 6 hours. At the end of the reaction the mixture was filtered through celite and the filtrate was 
w concentrated to give a thick oily product. Thus obtained crude product was purified by flash column chromatography 
(100% elution) to give a pure product as a thick colorless oil, 0.68 g; NMR (200 MHz, CDCI 3 ) 8 2.89 (s, 3H); 2.93 (s, 
3H);5.43(s, 2H). 

PART B: Preparation of 3-[l-f4-Aminobenzyl)-2-bLrtyl-4-chloroimidazol-5-vl1propanoic acid. N.N-dimethYlamide 

15 

The nitro compound from Part A was reduced by the same method as described in Part D of Example 227 to give 
the amino compound as a solid, m.p. 146-148°. 

PART C: Preparation of 3-[2-Butvl-4-chloro-1-(4-((N-trifluoromethanesulfonvl)anthranilamido)benz yl)imidazol-5-vnpro- 
20 panoicacid. N.N-dimethvl amine amide 

The amino compound from Part B was treated with Q-(trif luoromethanesulfonamido)benzoyl chloride as described 
in Example 232 to give the trHluoromethyl- sulfonamide product, m.p. 106-108°. 

25 PART P: Preparation of 3-r2-Butvl-4-chloro-1-f4-(2-cartx)xvbenzamido )benzvhimidazol-5-vnpropanoic acid. N.N- 
dimethvlamine amide 

The amino compound from Part B was reacted with phthalic anhydride as described in Part E of Example 227 to 
give the phthalamic acid derivative, m.p. 139-142°. 

30 

Example 237 

PART A: Preparation of 341-(4-N?trobenzvl-2-biJtv^^ ethyl 

ester 

35 

A solution of 2 g of the malonate derivative obtained from Part A of Example 234 in 10 mL of dried DMF was cooled 
with ice. To the solution was added 0.22 g of NaH (50% oil dispersion) and the solution was stirred for 5 minutes before 
adding 0.3 mL of methyl iodide. The reaction mixture then stirred at room temperature for 2 hours. The reaction mixture 
was diluted with 400 mL of ethyl acetate and the organic layer was washed with H 2 0 and brine. The crude product 
40 obtained upon concentration of the organic layer was purified by flash silica gel column chromatography (hexaneiethyl 
acetate^ 1 :1 elution) to give a pure compound as a thick colorless oil, 1 .8 g. 

PART B: Preparation of 3-n-f4-Nitrobenzvh-2-bufvl-4-chloroimidazol-5-vn-2- methvlpropanoic acid 

45 The malonate derivative from Part A was subjected to the hydrolysis-decarboxylation condition as described in Part 
B of Example 234. The desired compound was obtained as a thick yellowish liquid. 

PART C: Preparation of 3-ri-(4-Nitrobenzvn-2-butvl-4-chloroimidazol-5-vl1-2- methvlpropanoic acid, isooropvl ester 

so A mixture of 0.38 g of the acid from Part B, 1 mL of isopropyl alcohol and 0.22 g of dicyclohexylcarbodiimide in 10 
mL of CH 2 CI 2 was stirred at room temperature for 16 hours. The reaction mixture was concentrated and the residue 
was taken into ethyl acetate. Insoluble material was filtered off and the filtrate was concentrated to give a crude product 
which was purified by column chromatography (hexaneiethyl acetate=2:1 elution) to give the desired compound as a 
thick colorless oil, 0.36 g. 

55 

PART D: Preparation of 3-ri-(4-«N-frifluoromethanesufor^ acid, isopropyl 

este r 

The title compound was prepared from the ester of Part C by the methods described in Parts B and C of Example 
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236; m.p. 132-135°. 
Examples 239 and 239 

5 PART A: Preparation of d a nd 1 341 -(4-Nitrobenzvn-2-butvl-4-diloroM acid. d-(+)-a- 

methvlbenzylamide 

A mixture of 0.71 g of the propionic acid derivative from Part B of Example 237, 0.25 mL of d-(+)-a-methylben- 
zylamine and 0.4 g of dicyclohexylcarbodiimide in 50 mL of CH2CI2 was stirred at room temperature for 16 hours. The . 
10 reaction mixture was concentrated and residue was dissolved in 1 00 mL of ethyl acetate. Insoluble material was filtered 
off through celrte and the filtrate was concentrated to give a crude product which was purified by silica gel column chro- 
matography (hexane:ethyl acetate=2:1 elution). Two cOastereoisomers were separated as a thick colorless oil, 0.37 g 
each. 

is PART B: Preparation of d and 1 3-ri44-Aminobenzvn-2-butvl-4-chlcfoimidazol-5-yl1-2-methy|propanoic acid. d-M-a- 

methyltenzyiaroide 

The nitro compound from Part A was reduced by the same method described in Part D of Example 227 to give the 
amino compound as a thick colorless oil. 

20 

PART C: Preparation of d and 1 3-f1 -(4-(2-Caitaxvbenzamido)benzyl-2-b^ 
acid. d-(4-)-a-methyl benzylamide 

Each diasteroisomer of the amino compound from Part B was reacted with phthalic anhydride separately as 
25 described in Part E of Example 227, to give the phthalamic acid derivatives, m.p. 188-189.5° and 201-202°, respec- 
tively. 

Example 240 

30 Preparation of 1-r(2^Cartooxybiphenvl-4-vnme^ acid 

To a solution of 1.03 g of 1-[(2'^rbomethoxybipheny1-4-yl)metty^ in 
1 0 mL of anhydrous acetic acid at 25° was added a solution of 0.62 g of chromium trioxide in 1 0 mL of water. The mix- 
ture was stirred at 25° for 1 5 minutes and then poured into water. The precipitated solids were recovered by filtration 
35 and then dissolved in 50 mL of 1 .0 N aqueous sodium hydroxide solution. The alkaline solution was allowed to stand at 
25° overnight and then acidified to pH 3 with 10% aqueous hydrochloric acid. The precipitated solid was recovered by 
filtration and recrystallized from ethyl acetate to afford 0.10 g of 1-[(2'-<»rboxybiphenyl-4-yl)methyl]-2-butyl-4-chloroim- 
idazole-5-carboxylic acid (m.p. 186-187° (decomp.)). NMR (DMSO-d 6 ) 8 1 2.97 (br s, 2H); 7.68 (d, 1 H); 7.53 (t. 1 H); 7.41 
(t, 1H); 7.34 (d, 1H); 7.28 (d, 2H); 7.02 (d, 2H); 5.61 (s, 2H); 2.60 (t, 2H); 1.53 (quint, 2H); 1.27 (sext., 2H); 0.81 (t, 3H). 

40 

Example 240A 

Preoarationof 2-butvl-1-[(2'-(1H-tefrazol-5-^ acid 

45 A mixture of 4.00 g of 2-butyl-5-hydroxymethyl-4-trifluo 

yl)methyl]imidazole and 8.00 g of activated manganese dioxide in 50 mL of methylene chloride was stirred at 25°C. At 

24 hours into the reaction 2.00 g of manganese dioxide was added. After a total of 100 hours the reaction mixture was 

filtered with methylene chloride. The solids then were washed with methanol, and the methanol filtrate concentrated. 

The residue was dissolved in water. The resulting aqueous solution was adjusted to pH 3 using 10% hydrochloric acid 
so and then extracted with 4:1 <5hloroform/i-propanol. The combined organic phases were washed with brine, dried over 

anhydrous sodium sulfate, filtered, and concentrated. Column chromatography (elution: 95:5:0.5 chloroform/metha- 

nol/acetic acid) furnished 0.25 g of 2-biJtyi-1-[(2 , ^1H-tetrazol-5-yO^ 

carboxylic acid as an amorphous solid. / 

NMR (200 MHz, DMSO-dg): 6 7.70-7.48 (m, 4H), 7.00 (A2B2, 4H), 5.58 (s.' 2H), 2.59 (t, 2H), 1.51 (quint., 2H), 1.25 
55 (sext., 2H), 0.79 (t.3H). 

Examples 241-265E were prepared using procedures illustrated in Examples 227-240A. 
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15 



20 



30 



35 



40 



45 



50 



55 



1 



» T ^ .13 




.* - 7 -1* MPCC) 

241 n-butjrl CI ^^CHjOH 4-HHCO-^ ^ 115-120 



MO.C 



242 n- butyl CI ^ C^CHj 



Ml. 5-172. 



25 «0,C 



243 n-butyl CI n^n^™ 3 4-WHCO^^ UO-U2 



HO«C 



244 n-butyl CI (CH^COCHj 4-VKCO-T \ 1M-162 



245 n-prop/l Ci CM 2 CH 2 C °2 CM 3 



H0 2 C 



246 n-butyl ci ch 2 ch<ch s )co 2 chcch 3 > 2 4-«HCO-/^^ 123-12$ 



M0 2 C 



24 7 n-butyl CI <CH 2 )jOAc 124-127 



2 
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Tabl « 18 (continued) 



Ex. 

Wo. P 



13 



15 



248 n-butyl CI (CH^OAc 




249 n-butyl CI O^CH^C-M 0 




HO^C 



64-67 



142-144 



20 



250 n-butyl CI CH^CH^-M 0 




63-64.5 



25 



251 n-butyl CI CHjOCVHCHj 




30 



35 



40 



45 



251A n-propyl CI COjH 



252 n-butyl CI C0 2 H 



253 n-pentyl H CO^H 




I \ 




COM 




(amorphous 
solid) a 



(amorphous 
solid) b 
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Table 18 (continued) 
No!. R? E! E? iP VPCC) 



254 n-propyl H CM CH C-M 



255 n-propyl CI N^CHjOH 



256 n-propyl CI V*^CH_ OH 



C0 2 M 
C0 2 M 
C0 2 M 



2S7 n-butyl CI 



4-intco-^^^ 

2 



258 n-butyl CI "^CCH 2 -^\ 



0 

2S9 n-butyl CI (CH 2 > 2 CIIMC 4 H 5 4-MHC 



cr so ■ 



45 / \ /""\ 

260 n-butyl CI O^CH^CN «-CH 3 4-WHC0-C V 



0 



M0 2 C 



50 



55 
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Ex. 
No. R 



6 



R 7 R 8 



Table 18 (continued) 

13 



R 



261 n- butyl CI CH 2 CM 2 CK J 

0 



262 n- but y 1 CI CM 2 CH 2 CN 



263 n-butyl CI CH 2 CM 2 CN M - C $ H 5 




MO^C 




CF 3 S0 2 M 




cr 3 so 2 u 



264 n-butyl CI CH 2 CH 2 C0 2 H 



CO.H 




J5-76.S 



26S n-butyl CI CH 2 CH 2 CH 2 C0 2 




265A n-propyl CFj COjH 




63-85 



(amorphous 
solid) c 



265B n-butyl CFjCFj COjH 




(amorphous 
solid) d 
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15 



Ex. 

No. R 



6 



R 7 R 8 



Table 18 (continued) 

R 13 



MP(°C) 



10 



26 5C n-propyl CF 2 CF 3 CO^i 



N=N 




NH 



(amorphous 
solid) 6 



20 



265D n-propyl CF 3 COjH 



CCLH 




(amorphous 
solid) f 



25 



30 



265E n-propyl CFjCFj CO-jH 



CO 




(Amorphous 
solid)' 



35 



40 



45 



50 



55 
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-NMR (200 MHz; CDClg), CDgOD, TMS): 6 
7.88-6.90 (a, 8H) , 5.62 (s, 2H) , 2.63 (t, J« 
7.5Hz, 2H); 1.77-1.68 (a, 2H), 0.95 (t, J= 7 
Hz, 3H). 

-NMR (200 MHz, DMSO-dg) : 6 7.46-7.63 (a, 4fl), 
7.05 (d, 2H, J= 8Ha), 6.93 (d, 2B, J= 8Hz), 
5.56 (b, 2H); 4.10 (s, 12H) ; 2.55 (t, 2H, J= 
7.5 (Hz), 1.44-1.52 (m, 2H), 1.17-1.28 (a, 
2H), 0.78 (t, 3H, J= 7 Hz). 

-NMR (200 MHz, DMSO-dg): 6 7.71-7.50 (a, 4H) , 
7.02 (AjBj, 4H), 5.60 (s, 2H) , 2.59 (t, 2H) , 
1.67 (sext., 2H), 0.84 (t, 3H). 

-NMR (200 MHz, DMSO-dg): 6 7.74-7.62 (a, 4H), 
7.05 (AgBg, 4H), 5.58 (s, 2H), 2.62 (t, 2H) , 
1.51 (quint., 2H), 1.25 (sext., 2H), 0.80 (t, 
3H). 

-NMR (200 MHz, DMSO-dg) : 5 7.73-7.53 (a, 4H), 
7.04 (AgBg, 4H), 5.58 (s, 2H), 2.60 (t, 2H), 
1.56 (sext., 2H), 0.84 (t, 3H). 

-NMR (200 MHz, DMSO-dg): 6 13.78 (br s, 1H), 
12.82 (br s, 1H), 7.75 (d, 1H), 7.59 (t, 1H), 
7.47 (t, 1H), 7.35 (a, 3H), 7.08 (d, 2H), 5.63 
(s, 2H), 2.66 (t, 2H), 1.61 (sext., 2H), 0.86 
(t, 3H). 

-NMR (200 MHz, DMSO-dg): 6 13.73 (br s, 1H), 
12.80 (br s, IB), 7.74 (d, IB), 7.59 (t, 1H), 
7.46 (t, 1H), 7.33 (a, 3H), 7.07 (d, 2H), 5.65 
(s, 2H), 2.65 (t, 2H), 1.62 (sext., 2H), 0.86 
(t, 3H). 
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Example 266 

PART A: Preparation of 2-(But-1-en-1-vl^5-t-buty1dim^ 

chloroimidazole 

2-(But-1-en-1-yl)-1-[(2'<»rbometho^ (1.4 g), t-butyld- 

imethylsilyl chloride (0.55 g), and imidazole (0.5 g) were mixed and stirred in DMF (5 mL) for 18 hours at room temper- 
ature. Dilution with ethyl acetate and washing the organic phase with water followed by drying (MgS0 4 ), evaporation of 
the solvent in vacuo, and flash chromatography in 3:1 hexane/ethyl acetate yielded 1 .5 g of a clear oil. NMR (200 MHz, 
CDCI 3 ) 8 7.83 (d, 1H); 7.52 (t, 1H); 7.40 (t, 1H); 7.33-7.24 (m, 3H); 7.08 (d, 2H); 6.83 (d oft, 1H); 6.13 (d, 1H); 5.30 (s, 
2H); 4.57 (s, 2H); 3.64 (s, 3H); 2.21 (quint, 2H); 1.04 (t t 3H); 0.86 (s, 9H) 0.05 (s, 6H). 

PART B: Preparation of 5-t-Butvldimethdsilvloxymeth^ 

caiftoxaldehyde 

2-(But-1 -en-1 -yl)-5-(t-butyldimethylsilyloxymethyl)-1 -[(2-cart>ometh()xybiphenyl^ (262 
mg) was reacted with osmium tetroxide and sodium periodate by the procedure described in Example 178, Part B for 
1.5 hours at room temperature. Work-up and flash chromatography in 3:1 hexane/ethyl acetate yielded 200 mg of an 
amorphous solid. NMR (200 MHz, CDCI3) 89.74 (s, 1H); 7.84 (d, 1H), 7.54 (t, 1H), 7.43 (t, 1H), 7.34-7.25 (m, 3H), 7.16 
(d, 2H) 5.83 (s, 2H), 4.65 (s, 2H), 3.64 (s, 3H) ( 0.90 (s, 9H), 0.09 (s. 6H). 

PART C: Preparation of 5-t-Butvklimemvlsilvlo x ^ 

1-en-1-yi)imidazQle 

5-t-Butyldimethylsilyioxymethyl-1-[(2'-cartx)methoxybip 
(200 mg) was added all at once to a solution of n-butyltriphenylphosponium bromide (0.26 g) and potassium t-butoxide 
(70 mg) in THF at 0°C. The reaction mixture was stirred at room temperature for 15 minutes when it was quenched with 
saturated aqueous ammonium chloride solution. The mixture was extracted with ethyl acetate, the organic layers 
washed with water, dried (MgS0 4 ) and the solvent removed in vacuo. The residue was flash chromatographed in hex- 
ane/ethyl acetate (5:1) to yield 100 mg of an oil. NMR (200 MHz, CDCI3) 8 7.85 (d, 1H), 7.54 (t, 1H), 7.42 (t, 1H), 7.35- 
7.24 (m, 3H), 7.07 (d, 2H), 6.07 (d, 1 H), 5.87 (d of t, 1 H), 5.28 (s, 2H), 4.59 (s, 2H), 3.64 (s, 3H), 2.69 (quart.. 2H), 1 .46 
(sext, 2H), 0.91 (t, 3H), 0.86 (s, 9H), 0.05 (s, 6H). 

PART D: Preparation of l-[(2 / >Cail3omethoxybiphenyl-4-\H)methvq -4^hloro-5-hydroxvmethvl-2^ 
dazole 

5-t-Butyldimethylsilyloxymethyl-1 -[(2'-cartx)methoxybiphenyl-4-yl)methyl]-4-chloro-2-(cis-pent-1 -en-1 -yl)imidazole 
(100 mg) was desilylated with fluoride by procedures familiar to one skilled in the art. Flash chromatography in 1:1 hex- 
ane/ethyl acetate yielded 65 mg of a viscous, colorless oil. NMR (200 MHz, CDCI 3 ) 8 7.85 (d, 1 H), 7.55 (t, 1 H), 7.42 (t, 
1 H), 7.28 (m, 3H), 7.05 (d, 2H), 6.1 1 (d, 1 H), 5.92 (d of t, 1 H), 5.30 (s, 2H), 4.57 (d, 2H), 3.64 (s, 3H), 2.69 (quart., 2H), 
1.62 (t, 1H), 1.47 (sext., 2H), 0.92 (t. 1H). 

PART E: Preparation of l-r(2-Cart»xvbiphenvM-vnme^ 

1-[2 f -Carbomethoxybiphenyl-4-yl)m (65 mg) was 

hydroiyzed by a procedure similar to that found in Exaple 85, Part E. Work-up yielded 45 mg of colorless solids; m.p. 
148-150°. NMR (200 MHz, DMSO<J 6 ) 8 7.77 (d, 1H); 7.50 (t, 1H); 7.38 (t, 1H); 7.33 (m, 3H); 7.08 (d p 2H); 6.10 (d, 1H); 
5.84 (d of t, 1H); 5.32 (s, 2H); 4.47 (s, 2H); 2.65 (quart., 2H), 1.45 (sext., 2H); 0.92 (t, 3H). 

Table 19 further illustrates compounds which were made or could be made by the methods described in the spec- 
ification. 
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Table 10 




R 

(CH 2 ) r 




.13 



Mo^ r R_ IL E_ E 



OSO.H 



267 1 n-butyl CI CHjOH 




SOJi 



268 1 n-propyl H CH OH 




0 r 



269 I n-butyl CI CH^CHj 4-WHC^ ^ 



270 1 n-pcntyl CI CHjOH 




C(CF 3 > 2 OM 



271 1 n-butyl CI CH^COC 




C(Cf 3 ) 2 <>H 



OPO.H 



272 2 n-butyl CI CHjOH 




PO.H 



273 1 n-propyl H CH OH 
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T«b1« 1» (continued) 



n-butyl CF 3 CH 2 OH 



CONH0CH 3 



n-butyl CI CH.OH 



SHP-OH 
\ >0H 



n-butyl H CH 2 OH 




n-hexyl CI CH 2 MHCO 



S0 2 UK 2 



OK O 
CH-P-OH 



n-butyl CI CM OH 



n-butyl CI CH.OH 



n-butyl CI CH-OH 



n- propyl CI CH^OH 



COAi 




C0 2 M 




C0 2 CH 3 




M hso 2 cf 3 
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n -butyl CI CH 2 OH 



n-htxyl H CH^OH 



n-butyl CI CH 2 



Table 19 (continued) 
Si li li til MPCC) 

iTMS0 2 cr 3 

n -butyl CI CH^OH 



KHSO.CF^ 
2 J 




C0 2 H CONHOCHj 




CI 




ei 

COJt 
V 2 r Ci 




C 4 H S 



n-propyl H CH^OH 




n-butyl CI (CH 



Mall 

Si 



n- butyl CI CI^OCIIHCHj 
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T»ble 19 (continued) 



8 

n-butyX CI CH 2 OCIIHCH 3 



n-propyl 



C0 2 H 

- K 

K CH 2 HHCOCH 2 CH 2 CH 3 4-^ J 

COJH 



n-pentyl M CiyiHCIMCHj 



C0 2 K 



n-butyl CI CH 2 01K> 2 



n-butyl CI ch.M 



0 C0 2 H 

\0 -t> 



n-butyl CI (CH 2 > 3 P 4-C ) 181-182.5 

C0 2 H 



CO A H 



n-butyl CI CH, 



4-M(CM 3 )CO-^^ 



CO.H 



n-butyl CI CH 2 



n-butyl CI CHjOH 4-SCH 



4 - cm 2°0 



«HS0 2 CF 3 
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Table 19 (continued) 

si bI s! M 



n-butyl CI CH^OH 

2 2 



CO-H 



CO-H 
2 



n-butyl CI CH 2 OH 



n-butyl CI CH 2 OH 



n-butyl CI CH 2 OH 4 



C0 2 H 
4-ITHCH 2 -^^ 

COM 

CH % 



n-propyl CI CH 2 OH 4-SOjim 



CO-H 



n-pentyl CI CMjOH 



CO„H 



imso 2 cr 3 



n-hexyl CI CH 



2 0H 4-CF-CF-^^ 



HHS0 2 CF 3 



n-butyl CI CHjOH 4-CH-CF 



2 3 



n-butyl M CM 2 <>H 4-CHjCH 
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T«bl« 19 (continued) 
_7 _8 .13 



n-butyl CI CHjOH 



n-butyl CI CH 2 ©H 



n-propyl M CH^QH 



n-p«ntyl CI CH 



CO.H 



„-t«t,l CI CH 2 OH ^ 



m \L 



OCOCX, 



n-butyl CI CK 2 OH 



CQJH 
2 



i-butyl CI CH 2 OH 4 J 



cr so a 

WWHS0-C.H.-4-CH. 
H 

CO H 
CH,0 OCH, Y— v 



n-butyl CI CH.CMCH 2 OH 4 



COjH 
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Ex. a 
No. r IT 



314A 1 n-butyl 

w 



15 



Example 315 

20 

PART A: Preparation of 2-ProDvl-4-chloroimidazole-5-carboxaldehyde 

This example illustrates the preferred procedure for preparing the compound of Example 114. 

To a solution of 2-propyi-4-chloro-5-hydroxymethylimidazole (prepared according to U.S. Pat. 4,355,040; m.p. 
25 110.5-11 4°C; 32 .0 g , 0. 1 8 mol) in dichloromethane (1 L) was added activated manganese dioxide (207 g, 2.38 mol, 1 3 
eq.). The mixture was stirred for 4-18 hours at room temperature and subsequently filtered through Celite®. Trie 
Celite® was washed with 500 ml of a dichloromethane/methanol solution (1/1 , V7V) and the filtrate was concentrated in 
vacuo to give 24.7 g of a pale yellow solid. Recrystallization from ethyl acetate gave 16.6 g (53%) of pure product; m.p., 
139-1 41. 5°C. 

30 NMR (200 MHz; CDCI 3 . CD 3 OD, IMS): 6 9.61 (s, 1H), 2.66 (t. J= 7.5 Hz, 2H), 1.83-1.67 (m, 2H), 0.98 (t. J= 7 Hz, 
3H). 

PART B: Preparation of 2-Propvl-4-chloro-1 K2'-(1 -triDhenvlmethvltetrazol-5-vl)biphenvl-4-ylmethvnimidazole-5-car- 

box a id eh yde 

35 

To a mixture of 2-propyl-4-chloroimidazole-5-carboxaldehyde (15.0 g, 86.9 mmol) and potassium carbonate (13.2 
g, 95.6 mmol) in N.N-dimethylformamide (800 ml) was added 4 f -bromomethyl-2-(1-triphenylmethyltetrazol-5-yl)biphe- 
nyi (prepared according to Example 317, Part B; 53.3 g, 95.6 mmol). The mixture was warmed to 75-80°C for 4-18 
hours, cooled to room temperature and poured into a separatory funnel containing 1 liter each of water and ethyl ace- 

40 tate. The aqueous phase was extracted twice more with ethyl acetate (250 ml) and the combined organic phase was 
washed with water (4 X 500 ml) and saturated aqueous sodium chloride (500 ml), dried over anhydrous magnesium sul- 
fate, filtered and concentrated in vacuo to give the crude product. Flash chromatography on silica gel (1 kg, 10-20% 
EtOAc/hexanes) gave 27.5 g (49%) of the title compound as a pale yellow solid; m.p. 55-62°C 

NMR (200 MHZ, CDCL3 TMS): 5 9.73 (s, 1H), 7.95-6.81 (m, 23H), 5.45 (s, 2H), 2.49 (t, J= 7.5 Hz, 2H), 1.75-1.64 

45 (m, 2H), 0.89 (t. J= 7 Hz, 3H). 

PART C: Preparation of 2-Proovl-4-chloro-1 -f(2'-(1 H-tetraol-5-y1)biphenYM-yl)meth^ 

To a slurry of 2-propyl-4-chloro-H(2'-(1-tripheny^ 

so hyde (26.5 g, 40.8 mmol) in water (100 ml) was added dropwise over 1 5 minutes 50% aqueous trif luoroacetic acid (V/V, 
200 ml). After an additional 15 minutes the mixture was made alkaline with 4N NaOH (350 ml). The resulting mixture 
was extracted with ether (2 X 100 ml) and the aqueous phase wa acidified to pH 4-5 with 4N HCI and the resulting pre- 
cipitate was extracted into ethyl acetate (2 X 100 ml). The combined ethyl acetate layers were dried over anhydrous 
magnesium sulfate before being filtered and concentrated in vacuo to afford 16 g of the crude product Flash chroma- 

55 tography on silica gel (100 g, 50% EtOAc/hexanes) provided 13.7 g (83%) of the purified title compound; m.p. 165- 
167°C. 

NMR (200 MHz, CDCI 3 , TMS): 8 9.65 (s, 1 H), 7.95-6.96 (m, 8H), 5.51 (s, 2H), 2.59 (t, J= 7.5 Hz, 2H), 1 .70-1 .63 (m, 
2H), 0.92 (t, J= 7 Hz, 3H). 
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Example 316 

This example illustrates preferred procedure for preparing the compound of Example 89, Part E, and its potassium 
salt, which is a preferred compound of this invention. 

5 

PART A: Preparation of 1 -K2'-(TrimethYlstannvttetrazol-5-y^ 
dazole 

1-[(2'-Cyanobiphenyl-4-yl)methyO-2-bu^ (766 g), trimethyl tin azide (766 g) 

w and xylenes (7.90 L) were charged to a 12 liter round-bottomed flask equipped with mechanical stirrer, condenser with 
N 2 inlet and thermometer contained in a heating mantle. The slurry was heated to 1 15°C, giving a clear solution, and 
held for 41 hours. The resulting slurry was cooled to room temperature and the crude product isolated by vacuum filtra- 
tion, washed with toluene (800 ml) and dried in vacuo at ~50°C overnight. The crude product (1202 g) was charged to 
a 1 2 liter round-bottomed flask and slurried at 1 05°C with toluene (70 L). The slurry was cooled to 50°C and the product 
15 isolated by vacuum filtration, washed with one liter of toluene and dried in vacuo at 50°C overnight. Yield: 1 071 g, 94%. 
M.P:211-214°C. 

PART B: Preparation of 1 -r(2'-rrriphenvlmethvltetrazo 
dazole 

20 

1 -[(2'-(Trimethy1stannyltetrazol-5-^ (1 .046 Kg), 

methylene chloride (5.00 L), tetrahydrofuran (0.85 L) and 10 N sodium hydroxide (192 ml) were charged to a 12 liter 
round-bottomed flask equipped with mechanical stirrer, condenser with N 2 inlet, and thermometer. After stirring five 
minutes at room temperature, triphenylmethyl chloride (0.530 Kg) was added and the mixture stirred three hours. 10 N 

25 Sodium hydroxide (20 ml) and additional triphenylmethyl chloride (50 g) were added and the mixture stirred overnight. 
Deionized (D.I.) water (3.70 L) and 1 0 N sodium hydroxide (30 ml) were added and the phases allowed to separate. The 
organic phase was washed twice with 2.0 L portions of water, dried with sodium sulfate (100 g) and filtered into a 12 L 
round-bottomed flask equipped for distillation. Methylene chloride (-2.0 L) was distilled. Heating was discontinued and 
heptane (5.0 L) was added. The resulting slurry was stirred at ambient temperature over the weekend (-68 hours). The 

30 mixture was cooled to ~5°C and the product isolated by vacuum filtration, washed with heptane (1 .0 L) and dried 48 
hours in jn vacuo at 40-50°C. Yield: 959.5 g, 80%. M.P: 167-169°C. Purity by HPLC: 99.8%. 

PART C: Preparation of 2-bLrtvl-4-chloro-5-hvdroxvmet hvM -f(2'-M H-tetrazol-5-vl)biphenvl-4-vl)methvnimtdazole 

35 i-[(2'-(Triphenylmethyrtetrazol^ (920 g), and 

methanol (2.10 L) were charged to a 1 2-liter round-bottomed flask, equipped with mechanical stirrer, condenser with N 2 
inlet and thermometer. The slurry was cooled to ~10°C and 3.4 N hydrochloric acid (700 ml) was added over 10 min- 
utes. After stirring two hours at 10-20°C, the thick slurry was diluted with methanol (500 ml) and warmed to 30°C. After 
one hour at 30°C, the reaction was neutralized to pH 13 with 10 N sodium hydroxide (420 ml). Solvent (largely metha- 

40 nol, 2.3 L) was distilled while 2.3 L D.I. water was added. Heating was discontinued and D.I. water (700 ml) and toluene 
(1 .40 L) was added. After cooling to ~30°C, the organic phase was removed. The aqueous phase was reextracted with 
toluene (700 ml). Ethyl acetate (1 .20 L) was added to the pot containing the aqueous phase. After stirring 10 minutes, 
acetic acid (130 ml) was added. The mixture was stirred one hour, then let stand overnight. Agitation was restarted and 
the slurry cooled to ~5°C. The product was isolated by vacuum filtration, reslurried with 1.50 L D.I. water and sucked 

45 semi-dry. The wet cake was charged to a 1 2 L round bottomed flask and reslurried 1 12 hour at ambient temperature with 
ethyl acetate (4.0 L). The product was isolated by vacuum filtration, washed with 200 ml ethyl acetate and dried in vacuo 
overnight at 50°C. Yield: 518 g, 88.5%. M.P.: 184-185°C. Purity by HPLC: 98.8%. 

NMR (200 MHz, DMSO-de): 8 7.61 (m, 4H), 7.05 (m, 4H); 5.24 (s, 2H); 4.32 (s. 2H); 3.35 (br s, 1H); 2.46 (t, 2H, J= 
7.8 Hz); 1.44 (m, 2H); 1.23 (m, 2H); 0.79 (t, 3H, J= 7.2 Hz). 

50 

PART D: Preparation of 2-Butvl-4-chloro-5-hvroxvmethyl-1 -[(2'-(1 H-tetrazol-5-vl)-biphenvl-4-vl)methynimidazole: potas- 
sium salt 

The product of Part C (1 1 .00 g) and isopropanol (30 ml) were charged to a 100 ml round-bottomed flask equipped 
55 with magnetic stirrer, thermometer and Dean Stark Trap under nitrogen. The slurry was heated to 40°C. A solution of 
87% potassium hydroxide (2.00 g)/isopropanol (20 ml/water (1.0 ml) was added to pH 1 1 (18.5 mi). Most of the water 
was removed by azeotropic distillation of isopropanol (20 ml distilled). Heptane (25 ml) was added and the slurry cooled 
to room temperature. Additional heptane (15 ml) was added and the mixture stirred for 1/2 hr. The product was isolated 
by vacuum filtration, washed 1 X 20 ml heptane and dried overnight at 60°C in vacuo. Yield: 10.33 g, 86%. M.P: 
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>250°C. 
Example 317 

5 This example illustrates another preferred method for making the compound of Example 89, Part E. 

PART A: Preparation of 2-(TriphenylmethvHetrazol-5-vn-4 , -methylbiphenyl 

2-(p-Tolyl)benzonitrile (9.00 g). sodium azide (3.00 g), toluene (35 ml) and tributyttin chloride (16.4 g) were charged 
io to a 250 ml round-bottomed flask equipped with mechanical stirrer, condenser with N 2 inlet and thermomemeter, in a 
heating mantle. The mixture was heated to 1 10°C and held for 70 hours. The mixture was diluted with 35 ml toluene 
and cooled to room temperature. 10 N Sodium hydroxide (5.5 ml) and triphenylmethylchloride (13.5 g) were added and 
the mixture stirred 3 hours at room temperature. D.I. water (35 ml) and heptane (70 ml) were added and the resulting 
slurry cooled in an ice bath 1 -1/2 hours. The mixture was vacuum filtered, washed 2 X 50 ml water and once with 50 ml 
15 (3/2, V7V) heptane/toluene, and dried in vacuo overnight at 40°C. Crude Yield = 1 8.32 g, 82.2%. The crude product was 
dissolved in methylene chloride (200 mi) and washed 1 X 52 ml 0.4 N sodium hydroxide. The organic phase was gravity 
filtered, stripped on a rotary evaporator and the product reslurried with heptane (100 ml), filtered and dried in vacuo at 
40°C overnight. Overall Yield: 15.1 g, 68%. M.R: 16M62°C. 

20 PART B: Preparation of 4 y -Bromometrwl-2-ftriphenvlmetrwHetrazol-5-vl)biphenvl) 

Into a 100 mL round-bottomed flask equipped with thermometer, condenser, and nitrogen is entered 9.0 g 2- 
[(triphenylmethyjtetrazol-5-y0]-4'-methyl-(1,1'-biphenyl (0.0188 mole), 4.0 g N-bromosuccinimide (0.0225 mole), 0,1 g 
azo(bisisobutyronitrile) (0.00061 mole), and 40 mL carbon tetrachloride. The reaction mass is brought to reflux and held 
25 for -3 hours or until complete by NMR. Upon reaction completion, the reaction mass is cooled to room temperature, 
diluted with 30 mL methylene chloride, and washed with 30 mL water. The aqueous phase is discarded. 

PART C: Preparation of 2-n-Butvl-4-chloroimida2ol e-5-carboxaldehyde 

30 2-n-Butyl-4-chloro-5-hydroxymethylimidazole (50.0 g, 265 mmol, 1 eq.) was dissolved in glacial acetic acid (150 
mL). A 1 N cerricammonium nitrate (CAN) solution (575.0 mL, 595 mmol, 2.25 eq.) was then added dropwise to the 
stirred imidazole solution maintaining the temperature at 20-30°C. After the addition was complete, an additional 10 mL 
of 1 N CAN solution was added so that the mixture remained orange. After 3 hours, the reaction was cooled on ice and 
50% NaOH (210 mL) was added to neutralize the acetic acid. The product precipitated. The pH was adjusted to 6 and 

35 the solids were filtered, washed with water (3 x 500 mL) and dried under high vacuum to yield 38.1 3 g of a white pow- 
der; MP. 92.5-93.5°C. NMR (200 MHz, CDCl 3 ): 5 11.83 (m, 1H); 9.64 (s. 1H); 2.85 (t, 2H, J=7Hz); 1.78 (t of t. 2H, 
J=7,7Hz); 1.38 (t of q, 2H, J=7,7Hz); 0.93 (t, 3H, J=7Hz). Anal, calcd. for C 8 H 11 CIN 2 0: C, 51.48; H, 5.94; CI, 19.00; N, 
15.01. FOund: C, 51.75; H, 5.82; CI, 18.73; N, 14.87. 

40 PART D : Preparation of 1 -f(2'-{TriphenvlmethYltetrazo^ 
idzole 

The organic phase is charged to a 100 mL round bottomed flask equipped with condenser, thermometer, and nitro- 
gen. Also charged to the flask is 2.56 g 2-butyl-4-chloroimidazole-5-carboxaIdehyde (0.0137 mole), 9.5 mL water, 2.8 

45 mL 10 N NaOH, and 1 .2 mL aliquot 336. The two-phase system is stirred overnight at room temperature. To the com- 
pleted reaction mass is added 0.48 g NaBH 4 (0.0127 mole) and the reaction mass is again stirred overnight at room 
temperature. Upon completion, the reaction mass is washed with 30 mL water and the aqueous phase discarded. 

The organic phase is entered into a 100 mL round-bottomed flask equipped with thermometer, distillation head- 
condenser, receiver and addition flask. Methylene chloride and carbon tetrachloride are distilled and reaction volume 

so replaced with 25 mL toluene. Distillation is continued until the pot temperature reaches ~1 10°C. The reaction mass is 
cooled to ~40°C and then diluted with 1 5 mL ethyl acetate and 20 mL n-heptane. A seed crystal is added and the reac- 
tion mass is further cooled to 0-1 0°C and stirred for 1 .0-2.0 hours. The slurry is filtered through a Buchner funnel, and 
solids are rinsed with small amount of cold toluene/ethyl acetate. Solids are dried in a vacuum oven overnight to give 
5.91 grams; 51 .7% yield (based on 2-butyl-4-chloro-imidazole-5-carboxaldehyde or 47.2% yield (based on 2-(triphenyl- 

55 methyltetrazol-5-yl)-4'-methylbiphenyl. 

Crude material was recrystallized from 30 mL toluene to give 4.57 grams product (77.33% recovery) with M.R = 
161-162.5°C. 
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PART E: Preparation of 2-Butvl-4-chloro>5-hydroxYme thvl-1 -f(2'-(1 H-tetrazol-5-vnbiDhenvM>vnmethvl1imidazoleand Its 

potassium salt 

The product of Part C is converted to the title compound and its potassium salt by the procedures of Example 316, 
5 Parts C and D. 

Example 31 7A 

PART A: Preparation of 2-Butyl-4-chloro-1 -r(2'-N-triphenylmethvl(1 H-tetra20l-5-yl)biphenyl-4-v»methvqimidazole-5-car- 
10 boxaldehvde 

2-n-Butyl-4-chloroimidazole-5-carbQxaldehyde (26.78 g, 143.0 mmol, 1 eq.) was alkylated with 4'-bromomethyl-2- 
(N-triphenylmethyl(1 H-tetrazol-5-yl)biphenyl (80.0 g, 1 43.0 mmol, 1 eq.) (isolated from Example 31 7, Part B) by the pro- 
cedure described in Example 1, Part A. Chromatography and recrystallization from hexane/THF of one-third of the 
15 crude material yielded 19.63 g of a white powder; m.p. 86.0-88.0°C. NMR (CDCI3) of 9.76 (s, 1 H); 7.96 (d, 1 H, J=8Hz); 
7.56-6.80 (m, 22H); 5.47 (s, 2H); 2.53 (t, 2H), ; 1 .65 (t of t, 2H, J=7,7Hz); 1 .30 (t of q, 2H, J=7,7Hz); 0.83 (t, 3H, J=7Hz). 
Anal, calcd. for C 41 H 35 CIN 6 0 • THF; C. 73.5; H, 5.89; N, 1 1 .43. Found: C, 73.32; H, 5.88; N, 1 1 .84. 

PART B: Preparation of a-[2-n-butvl-4-chloro-1-ff2 y -f1 H-tetrazol-5-vl)biDhenyl-4-yl)methYl 1imidazol-5-vl1-a-Dhenvlmeth- 
20 anol 

Phenylmagnesium chloride (2M, 6.8 mmol, 1 .5 eq.) was slowly added to a stirred solution of the aldehyde from Part 
A (3.00 g, 4.5 mmol, 1.0 eq.) in dioxane (25 mL) at 0°C. After 1 h, the reaction was quenched with methanol (5 mL), 
followed by water (25 mL). Trif luoroacetic acid (25 mL) was then added, and the mixture stirred at room temperature for 

25 1 h. 10 N NaOH was added to adjust the pH to 10 and the organic solvents removed in vacuo leaving solid triphenyl- 
methanol and an aqueous phase behind. The triphenylmethanol was filtered and the aqueous was acidified to pH=3 
with cone. HCI producing a precipitate. The solids were filtered, dried, and recrystallized from hexane/ethyl acetate 
yielding 532 mg of a white solid; m.p. 1 37.0-1 45.0°C. NMR (DMSO-d 6 ): 8 7.77-7.46 (m, 4H); 7.46-7.30 (m, 5H); 6.94 (d, 
2H, J=9Hz); 6.76 (d, 2H, J=9Hz); 6.37 (d, 1H, J=5Hz); 5.97 (d, 1H, J=5Hz); 5.09 (s, 2H); 2,25 (t, 2H, J=7Hz); 1.34 (t Of 

30 t, 2H, J=7,7Hz); 1 .1 7 (t of q, 2H, J=7,7H); 0.74 (t, 3H, J=7Hz). Anal, calcd. for C 28 H 2 7CIN 6 0 • (H 2 0)o. 5 :C, 66.20: H, 5.56; 
CI, 6.98. Found: 66.12; H, 5.51 ; CI, 7.25. 

The following examples can be prepared by the procedure described in Example 31 7A and by other methods famil- 
iar to one skilled in the art. 

35 
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Table 20 (continued) 



Bx. 



.6 »7 „ D 13 



No. r L i 1_ MP(°C^ 

317P n-butyl CI GgHg 




317C n-propyl CI CHg 



COOH 



31 7H n-propyl CI C 2 H fi 



COOH 



3171 n-propyl CI 




COOH 



Example 318 

PART A: Preparation of 2-butvl-4-chloro-1 -f(2'-(N.N^iphenvl(arbamovloxvcaifa onvl)biDhenv1-4-vnmethvl1-5- 
hydroxymBthyl imidazole 

A solution of 3.99 g of 2-butyl-1 -[(2'<art)Oxybiphenyl^7l)methyfl^-chloro-5-hydroxyrnethylimidazole (Example 94) 
and 10 mL of 1 .00 N aqueous sodium hydroxide in 60 mL of methanol was added dropwise over 0.25 hour to a solution 
of 3.73 g of N-(N,N-diphenylcarbamoyl)pyridinium chloride in 30 mL of methanol at 25°C. The resulting mixture was 
stirred at 25°C for 0.75 hour and then was diluted with ethyl acetate. This organic solution was washed with water and 
brine, dried over anhydrous sodium sulfate, filtered, and concentrated to afford 6.55 g of crude 2-butyl-4-chloro-1-[(2'- 
(N,NHjiphenylcart»nroyloxycart3onyl)biphenyl-4-yl)methyf]-5-hydroxymethylimidazole which was used in the following 

step without further purification. 



PART B: Preparation of 1 ■ff2'^Benzenesulfonamidocaroonvl)biphenvl-4-vl)methvll-2^lrtvl-4-Ch lQrp-5-h 
imidazole 



A solution of 9.53 g of benzenesulfbnamide in 25 mL of dimethylformamide was added dropwise over 0.25 hour to 
a suspension of 1 .32 g of oil-free sodium hydride in 30 mL of dimethylformamide at 25°C. The resulting mixture was 
stirred at 25°C for 1 .0 hour. To the mixture then was added a solution of 6.55 g of 2-butyl-4-chloro-1 -[(2'-(N,NKiipheny1- 
carbamoyioxycarbony0biphenyl-4-y0methyl]-5-hydroxymethylimidazole in 15 mL of dimethylformamide. Finally the 
reaction mixture was stirred at 25°C for 16 hours. At this point the mixture was diluted with water, acidified to pH 5 
employing 1 0% hydrochloric acid, and extracted with ethyl acetate. The combined organic phases were washed with 
water and brine, dried over anhydrous sodium sulfate, filtered, and concentrated. Column chromatography (elution: 
10% methanol/chloroform) furnished 1.54 g of 1-[(2'-(benzenesulfonramido<»^^ 
chloro-5-hydroxymethylimidazole (mp 172-174°C). 

NMR (200 MHz, DMSO-d 6 ): 6 12.55 (br S, 1H), 7.82 (d, 2H), 7.62-7.33 (m, 7H), 7.03 (d, 2H), 6.77 (d, 2H), 5.30 (br 
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t, 1 H), 5.23 (s. 2H), 4.38 g (d, 2H), 2.50 (t, 2H), 1 .51 (quint., 2H), 1 .27 (sext., 2H). 0.82 (t. 3H). 
The following compound has also been prepared by the procedures of Example 318, Parts A-B. 



Example 319 
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OH 




152-154 



20 



15 




C-NHS02 



Example 320 



25 



PART A: Preparation of 4(5)-Methvl-2-propyl imidazole 

To a well-stirred mixture of 72.0 ml of butyraldehyde, and 240 g of copper(ll)acetate monohydrate in 1000 mL of 
25% aqueous ammonia at 0°C was added 32.8 mL of acetol dropwise over 0.25 hour. The mixture then was heated to 
30 80-1 00°C for 0.5 hour. After allowing the reaction mixture to cool, the resulting gray-green solid was recovered by filtra- 
tion. 

Into a suspension of this solid in water at 80°C was bubbled hydrogen sulfide gas for 0.5 hour. The mixture then 
was filtered, while still hot. to remove solid copper(l) sulfide. After cooling to 25°C the mixture was extracted with meth- 
ylene chloride. The combined organic phases were then washed with brine, dried over anhydrous sodium sulfate, fil- 
35 tered, and concentrated to provide 26.4 g of (4(5)-methyl-2-propylimidazole as a viscous orange oil. 

NMR (200 MHz, CDCI 3 ): 6 10.15 (br s. 1H), 6.61 (s, 1H), 2.64 (t, 2H), 2.20 (s, 3H), 1.72 (sext., 2H), 0.92 (t, 3H). 

PART B: Preparation of 4f5VHvdroxvmethvl-5f4Vmethvl-2-oroDvlimidazole 

40 A solution of 21 .0 g of 4(5) -methyl -2 -propyl imidazole, 14.0 g of 37% aqueous formaldehyde 76.0 g of concentrated 
hydrochloric acid, and 100 mL of water was refluxed for 62 hours. After cooling the mixture was diluted with water. The 
resulting aqueous solution was adjusted to pH 10 employing 10% aqueous sodium hydroxide and then was extracted 
with 4:1 chloroform/isopropanol. The combined organic phases were washed with brine, dried over anhydrous sodium 
sulfate, filtered, and concentrated. Column chromatography (elution: 1 0% methanol/chloroform with 0.2% cone, ammo- 

45 nia) followed by recrystallization from ethyl acetate furnished 13.9 g of 4(5)-hydroxymethyl-5(4)-methyl-2-propylimida- 
zole(mp 1 38.5-1 39.5°C). 

NMR (200 MHz, DMSOd 6 ): 8 11.30 (br s, 1H), 4.68 (br s, 1H), 4.26 (s, 2H), 2.46 (t, 2H), 2.06 (s, 3H), 1.60 (sext.. 
2H), 0.88 (t, 3H). 

so PART C: Preparation of 4(5VMethvl-2-propv1imidazole-5(4)-carboxaldehyde 

To solution of 12.1 g of 4(5)-hydroxymethyl-5(4)-methyl-2-propyl!mida2ole in 200 mL of acetic acid at 25°C was 
added 170 mL of 1.0 N cericammonium nitrate in water dropwise over 1.0 hour. The resulting solution was stirred for 
1 .0 hour at 25°C and then was poured into water. This solution was adjusted to pH 4 employing 10% aqueous sodium 
ss hydroxide and then was extracted with chloroform. The combined organic phases were washed with water and brine, 
dried over anhydrous sodium sulfate, filtered, and concentrated. The crude product was recrystallized to afford 9.66 g 
of 4(5)-methyl-2-propylimidazole-5(4)-carboxaldehyde (mp 128-128.5°C). 

NMR (200 MHz, DMSO-d 6 ): 8 12.49 (br s, 1 H), 9.69 (s, 1 H), 2.53 (t, 2H), 2.38 (s. 3H), 1 -65 (sext., 2H), 0.87 (t. 3H). 
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PART D: Preparation of 1 -K 2 f -Tert-butoxvcarto^ 

A solution of 3.60 g of 4(5)-methyl-2-propylimidazole-5(4)K»rboxaldehycle > 8.64 g of tert-butyl 4'-bromomethylbi- 
phertyl-2-carboxylate, 6.54 g of anhydrous potassium carbonate, and 60 mL of dimethyiformamide was stirred at 25°C 
for 18 hours. The reaction mixture was filtered, and the filtrate was diluted with water and then extracted with ethyl ace* 
tate. The combined organic sulfate, filtered, and concentrated. Column chromatography (elution: ethyl acetate/ben- 
zene) provided 6.31 g of l-[(2'-tert^utoxycaibonylbipheny^ 

NMR (200 MHz, CDCI 3 ): 8 9.77 (s, 1H), 7.78 (d. 1H), 7.51-7.35 (m, 2H), 7.27 (m, 3H), 7.05 (d, 2H) 5.59 (s, 2H), 
2.64 (t, 2H), 2.50 (s, 3H), 1.78 (sext, 2H), 1.20 (s, 9H), 0.97 (t, 3H). 

PART E: Preparation of 1 -[(2'-tarfeoxYbiphenYl-4-vl)^ 

This compound was prepared according to the procedure described in Example 92, Part C. From 4.20 g of 1-[(2'- 
tert-butoxyratoonylbiphenyl-4-y1)m was obtained 0.92 g of 1-[(2'- 

carboxyphipenyl-4-yl)methyl]-4-methyl-2-propyl imidazole-5-carboxaldehyde (mp 243-245°). 

NMR (200 MHz, DMSOd 6 ): 8 12.77 (br s, 1H), 9.75 (s, 1H), 7.71 (d, 2H), 7.55 (t. 1H), 7.43 (t, 1H), 7.36-7.27 (m, 
3H), 7.06 (d, 2H), 5.59 (s, 2H), 2.60 (t, 2H), 2.41 (s, 3H), 1.62 (sext., 2H), 0.86 (t, 3H). 

Example 321 

PART A: Preparation of 1 -rfe'-Tert-butoxvcartrcnvlbiphen 

To a solution of 3.43 g of 1-[(2'-tet1-butoxycarbonylbiph 
hyde (from Example 320, Part D) in 22 mL of methanol and 22 mL of tetrahydrofuran at 25°C was added in several por- 
tions, 3.09 g of sodium borohydride. The reaction mixture was stirred at 25°C for 1.5 hours and then was poured into 
dilute aqueous sodium hydroxide solution. After stirring for 0.2 hour at 25°C this solution was extracted with chloroform. 
The combined organic phases were washed with water and brine, dried over anhydrous sodium sulfate, filtered, and 
concentrated. Column chromatography (elution: ethyl acetate/benzene) furnished 3.32 g of 1-[(2'-tert-butoxycarbonyl- 
biphenyl-4-y0methyTJ-5-hydroxymethyl-4-methyl-2-propyiimidazole. 

NMR (200 MHz, CDCI 3 ): 8 7.76 (d, 1H), 7.42 (m, 2H), 7.28-7.24 (m, 3H), 6.96 (d, 2H), 5.24 (s. 2H), 4.47 (s, 2H). 
2.56 (t, 2H), 2.21 (s, 3H), 1.71 (sext., 2H), 1.25 (s, 9H), 0.95 (t, 3H). 

PART B: Preparation of 1-K2'-Carboxvbiphenvl-4-vnm^ • hvdrochlo- 

rjdfi 

A solution of 3.32 g of 1 -[(2'-tert-birtoxyc»rbon 
in 100 mL of 10% aqueous hydrochloride acid was stirred at 25°C for 16 hours. The solvent and excess hydrochloric 
acid then were removed under vacuum to provide 2.22 g of 1-[(2'-carboxybiphenyl-4-yl)methyl]-5-hydroxymethyl-4- 
methyi-2-propylimidazole • hydrochloride (mp 208-21 0°C (dec)). 

NMR (200 MHz; DMSOd 6 ): 8 12.92 (br s, 1H), 7.74 (d, 1H), 7.58 (t, 1H), 7.47 (t, 1H), 7.34 (m, 3H), 7.26 (d, 2H), 
5.67 (br s, 1H), 5.53 (s, 2H), 4.42 (s, 2H), 2.86 (t. 2H), 2.30 (s, 3H), 1.54 (sext., 2H), 0.83 (t. 3H). 

The compounds of Table 21 have been or could be prepared by the procedure of Examples 320-321 . 
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Table 21 



R 7 




Ex. No. R 7 r13 m.p. °C 



322 


C6H 5 


C0 2 H 


224-225.5 °C 


323 


C(CH 3 ) 3 


COjH 




324 




C0 2 H 




324A 


C6H 3 


H 


(amorphous 
solid)* 



a - NUR (200 tffls, DMS0-d fi ) : 6 9.77 (s, 1H), 

7.79-7.47 9H), 7.08 4H), 5.87 (s, 2H), 
2.85 (t, 2H), 1.83 (sext., 2H) , 0.88 (t, 3H) . 



Example 32§ artf 32$ 

PART A: Preparation of 2>n-ButyM<hloro-1-(4^itrophenyl)imidazole-5-<^irboxaldehyde 

2-n-Butyl-^ch!oroimidazole-5-cartK>xaldehyde (10.00 g, 53.6 mmol. 1 eq.) was dissolved in a freshly prepared 
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solution of sodium methoxide (1 .23 g Na, 53.6 mmol, 1 eq.) in methanol (1 75 mL). The methanol was removed in yaa£ 
and replaced with DMF (100 mL). 4-Fluoro-1 -nitrobenzene (1 1.37 mL, 107.0 mmol, 2 eq.) was then added. The mixture 
was heated at 100°C for 36 h. Two more equivalents of 4-fluoro-1 -nitrobenzene were then added and the mixture 
heated at 1 00°C for an additional 48 hours. The DMF was removed in vacuo and the residue partitioned between ethyl 
5 acetate and water. The aqueous phase was extracted twice more with ethyl acetate, the organic layers combined, dried 
(MgS0 4 ) and the solvent removed in vacuo. Flash chromatography of the residue over silica gel in 9:1 toluene/ethyl 
acetate yielded 4.92 g (30%) of an amber oil. NMR (CDCI 3 ): 8 9.74 (s, 1H); 8.42 (d, 2H, J=9Hz); 7.46 (d, 2H, J=9Hz); 
2.51 (t, 2H, J=7Hz); 1.67 (t of t, 2H, J=7,7Hz); 1.30 (t of q, 2H, J=7,7Hz); 0.84 (t, 3H, J=7Hz). Anal, calcd. for 
C 14 H 14 CIN303: C, 54.64; H, 4.59; CI. 11.52, N, 13.65. Found: C, 54.91; H, 4.67; CI. 11.20; N, 13.62. 

10 

PART B: Preparation of 1-(4-Aminophenyl)-2-n-butyl-4-chloro-5-(hYdroxymethyl)imidazole and 1-f4-aminophenvl)-2-n- 
butyl-5-fhydroxvmethvl)imidazole 

Sodium borohydride (1.70 g, 44.4 mmol. 3 eq.) in water (74 mL) was added to a suspension of 10% Pd on C (0.5 
15 g) in methanol (74 mL). Nitrogen was then slowly bubbled through the mixture while a solution of 2-n-butyl-4-chloro-1 - 
(4-nitrophenyl)imidazole-5-carboxaldehyde (4.56 g, 14.8 mmol, 1 eq.) in methanol (74 mL) was added dropwise. The 
introduction of N 2 was stopped and the mixture allowed to stir for 2.5 h. The mixture was filtered through Celite® and 
water (500 mL) added to the filtrate. The pH was adjusted to 1-2 with cone. HCI and then to 7 with 6N NaOH. The prod- 
uct is extracted with ethyl acetate (3X), the organic layers combined, dried (MgS0 4 ) and the solvent removed jn vacup 
20 to yield 3.63 g of a yellow glass. NMR shows a 2:1 ratio of chloro/des-chloro product. The material was suitable for fur- 
ther transformation. NMR (chloro^roduct) (DMSO<l 6 ): 8 7.03 (d, 2H, J=9Hz); 6.68 (d, 2H, J=9Hz); 5.50 (bm 2H); 4.68 
(bm, 1H); 4.15 (bs, 2H); 2.49 (t. 2H, J=7Hz); 1.50 (t of t, 2H, J=7,7Hz); 1.24 (t of q. 2H, J=7,7Hz); 0.80 (t, 2H, J=7Hz). 
NMR (desKJhloro product) shows imidazole ring H at 8 6.82 and 6.98 (d, 2H, J=9Hz). All other peaks match those of the 
chloro-product. MS; (M+H) + detected at 280 and 246. 

25 

PART C: Preparation of 2-n-Butvl-4^hloro-5-hvdroxvmethvf-1 -f4-((N-trif luoromethanesu lfonvnanthranilamidotohe- 
nyllimidazole and 2-n-butvl-5-hvdroxvmethvl-1 -f4-KN-trif luoromethanesulfonyl)anthran ilamido)Dhenvnimidazole 

The product in Part B was reacted with N-(trifluoromethanesulfonyl)anthranoyl chloride by the procedure described 
30 in Example 30. Flash chromatography over silica gel in 100% ethyl acetate to 1 :1 ethyl acetate/isopropanol yielded the 
above titled products as white amorphous solids. NMR (chloro-product) (DMSO-de): 8 12.50 (bs, 1H); 8.30 (m. 3H); 
8.00-7.54 (m, 5H); 4.62 (s, 2H); 2.89 (t, 2H. J=7Hz) 1.93 (t of t. 2H, J=7,7Hz); 1.64 (t of q, 2H, J=7,7Hz); 1.20 (t, 3H, 
J=7Hz). 

NMR (des-chloro-product) (DMSO-d 6 ): 8 14.34 (bs. 1H); 13.67 (bs, 1H); 8.10 (d. 1H, H=9Hz); 7.90 (d, 2H, J=9Hz); 
35 7.73 (s, 1H); 7.60 (d, 2H. J=9Hz); 7.55 (d, 1H, J=9Hz), 7.37 (t, 1H, J=9Hz); 7.00 (t, 1H, J=9Hz); 4.28 (s, 2H); 2.76 (t, 
2H, J=7Hz); 1.54 (t of t, 2H, J=7,7Hz); 1.23 (t of q, 2H. J=7,7Hz); 0.77 (t, 3H, J=7Hz). 

Example 327 

40 Preparation of 2-n-Butvl-4-chloro-1 -f(2'-M H-tetrazol-5-vl)biphenvl-4-vl )methvnimidazole-5-caftooxaldehvde. benze- 
nesulfonyihvdrazone 

2-n-Butyl-4-ch1oro-H(2'-(1H-Tefrazol^ (Example 132) (1.00 

g, 2.4 mmol, 1 eq.) was dissolved in 1 .000 N NaOH (4.76 mL, 4.8 mmol. 1 eq.) and water (10 mL). Benzenesulfonylhy- 

45 drazide (0.41 g, 2.4 mmol, 1 eq.) was added and the solution was stirred overnight at 25°C. The solution was acidified 
to pH=2.5 with cone. HCI. The resultant precipitate was filtered, dried and recrystallized from ethyl acetate yielding 0.85 
gofasolid; m.p. 227.5-230.0 (dec). NMR (DMSOd 6 ): 8 16.31 (bm, 1H); 11.48 (bm, 1H);7.96 (s, 1H); 7.78-7.39 (m, 
9H); 7.04 (d, 2H, J=7Hz); 6.87 (d. 2H, J=7Hz); 5.52 (s, 2H); 2.51 (t, 2H, J=7Hz); 1.45 (t of t, 2H, J=7,7Hz); 1.24 (t of q, 
2H, J=7,7Hz); 0.79 (t, 3H, J=7Hz). Anal, calcd. for C 2 8H27CIN 8 0 2 S: C, 58.48; H, 4.73; CI, 6.16. Found: C. 58.67; H, 

so 4.87; CI, 6.19. 

The compounds of Table 22 can be made by the procedure described in Example 327 from the appropriate alde- 
hyde precursor: 

55 
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EX • n m 

No. h_ r 

327A n-butyl CI 



327B n-propyl CP 



327C n-propyl CjPg 



Table 22 




MPf*C) 
224.0-227.0 
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a NMR (DMS0-d 6 ): 6 7.95 (s, 1H); 7.73 (bm, 2H); 
7.68 (d, 1H, J=9Ha); 7.56 (t, 1H, J=9Ha); 7.49 
(t, 1H, J=9Hz); 7.37 (d, 1H, J*9Ha) i 7.26 (t, 
1H, J=9H«), 7.05 (d, 1H, J=9H*)j 6.88 (s, 1H); 
6.83 (d t 1H, J=9H«); 5.53 (•, 2H); 3.57 (s, 
2H); 2.65 (t, 2H, J=Ha); 1.60 (t of t, 2H, 
J=7 f 7H«); 1.35 (t of q, 2H=7,7Hb); 0.87 (t, 
3H, J»7Ha). 



Example 328 

PART A: Preparation o f 2>n-PrQwl>4.5<iicait)omethoxvimiclazole 

2-n-Propylimidazole-4,5-dicarboxylic acid [prepared by the method of R. G. Fargher and F. L. Pyman (J. Qhem. 
Soc. (1919) US, 217); m.p. 257 (dec.) °C] (17.14 g, 86.6 mmol, 1 eq.), methanol (400 mL) and acetyl chloride (38.1 
mL, 534 mmol, 6 eq.) were cautiously mixed (acetyl chloride addition to methanol is very exothermic) and refluxed over- 
night. The solvent was removed in vacuo and water (1 00 mL) and 1 0N NaOH were added until pH=7. The aqueous mix- 
ture was extracted with ethyl acetate (3X), the organic layers combined, dried (MgS0 4 ) and the solvent removed in 
vacuo to yield 12.00 g of a white solid. Recrystallization from hexane/ethyl acetate yielded 1 1 .41 g of a white solid; m.p. 
162.0-164.5°C. NMR (CDCI 3 ): 8 3.95 (s, 6H); 2.78 (t, 2H); 1.83 (t oft, 2H, J=7,7Hz); 0.97 (t, 3H, J=7Hz). Anal. Calcd. 
for C 10 H 14 N2O4 • (H 2 O) 0 .25: C, 52.06; H, 6.28; N, 12.14. Found: C, 52.06; H, 6.17; N, 12.49. 

PART B: Preparation of 1 -f(2^Carbomethoxvbioherivl^ 

2-n-Propyl-4,5-dicarbomethoxyimidazole (2.00 g. 8.8 mmol, 1 eq.) was alkylated with 4'-bromomethyl-2-car- 
bomethoxybiphenyl (2.70 g, 8.8 mmol, 1 eq.) by the procedure described in Example 1, Part A. Obtained 3.87 g of a 
yellow oil which was suitable for further transformation. NMR (DMSO-d 6 ): 8 7.84-7.22 (m, 4H); 7.22 (d, 2H, J=9Hz); 7.13 
(d. 2H, J=9Hz); 5.50 (s, 2H); 3.77 (s, 3H); 3.75 (s, 3H); 3.55 (s, 3H); 2.67 (t. 2H, J=7Hz); 1 .67 (t of q, 2H, J=7,7Hz); 0.88 
(t, 3H, J=7Hz). 
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PART C: Preparation of HfcMSarboxvbiphenv^^ acid 

The tri ester from Part B was saponified by the procedure described in Example 202, Part C. The resultant glass 
was crystallized from chloroform; m.p. 143 (shrink), 152.0 (dec)°C. NMR (DMSOd 6 ): 8 12.74 (m, 1H); 7.72 (d, 1H, 
J=9Hz); 7.56 (t, 1H, J*9Hz); 7.46 (t, 1H ( J=9Hz); 7.36 (d, 1H, J=9Hz); 7.30 (d, 2H, J«9Hz); 7.20 (d, 2H, J=9Hz); 5.99 
(s. 2H); 2.89 (t. 2H, J=7Hz); 1 .48 (t of q, 2H, J=7,7Hz); 0.80 (t. 3H, J=7Hz). Anal, calcd. for C^Ha^Oe • [H 2 Oh 5 : C. 
60.68; H, 5.32; N, 6.43. Found: C. 60.99; H, 5.71; N, 6.50. 

The compounds of Table 23 can be prepared by the method described in Example 328 and by other procedures 
familiar to one skilled in the art 



Table 23 




Ex. 

No. R 



6 



VPCC) 



320 n-propyl 




260.0-270.5 (dec.) 
(di N&+ salt) 



330 



n-butyl 




331 
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Ex. 

No. R 



6 




MP(°C) 



332 n-propyl 



CF3SO2N 




H 



Example 333 

Preparation of 4.5-DiraitK)me1hoxv-2-n-propv1-1 -f(2'-M H-tetrazol-5-y1 )biphenvl>4-vl)methvnimidazole 

4,5-Dicartomethoxy-2-n-propyM-[(2'-N^ (pre- 
pared by the procedure in Example 328, Part B, rap. 124.0-125.5°C from 4^bromomethyl-2-[N-triphenylmethyl(1H- 
tetrazol-5-yl)]biphenyl) (3.00 g) was mixed and refluxed in methanol (50mL) for 4 h. The solvent was removed ia vacuo 
and the residue immediately flash chromatographed over silica gel in 1:1 hexane/ethyl acetate to 100% ethand. 
Obtained 1 .30 g of a white glass which when stirred with ether yielded 0.92 g of a white solid; m.p. 1 00°C (slow decom- 
position). NMR (DMSOd 6 ): 8 7.68-7.43 (m, 4H); 7.08 (d, 2H, J=9Hz); 6.96 (d, 2H, J=9Hz); 5.41 (s, 2H); 3.80 (s, 3H); 
3.74 (s, 3H); 2.63 (t, 2H, J=7Hz); 1 .62 (t of q, 2H, J=7,7Hz); 0.88 (t, 3H, J=7Hz). Anal, calcd. for C 2 4H 2 4N 6 04(H 2 0) 15 : 
C. 59.13; H, 5.58; N, 17.23. Found: C, 59.27; H, 5.31; N, 17.11. 



PART A: Preparation of 4-Carbomethoxv-5-hvdroxYmethvl-2-n-propyl-1 -f(2'-N-friphenvl methyl f1 H-tetrazd-5-yQbiphe- 
nvl-4-vl)methvnimidazole 

4,5-Dicarbomethoxy-2-n-propylO-[(2'-N-triphenylmethyl(1H-tefrazol-5-yl) (see 
Example 333) (10.00 g, 14.0 mmd. 1 eq.) was dissolved in THF (50 mL) and a THF solution of lithium tri-t-butoxy alu- 
minumhydride (7.2 g, 28.0 mmol, 2 eq.) was added thereto. After 24 h, another 0.5 eq. of reducing agent was added. 
After another 24 h, the reaction was quenched by the addition of methanol (10 mL) and the sdvent removed in vacuo. 
Chromatography in 1:1 hexane/ethyl acetate to 9:1 ethyl acetate/isopropanol yielded 2.16 g of a white glass. NMR 
shows a 6:1 mixture of regioisomers at the imidazole 4,5-positions. NMR (CDCI 3 ) (major isomer) 8 7.96 (m, 1H); 7.80 
(m, 2H); 7.39-7.18 (m, 10H); 7.13 (d, 2H. J=9Hz); 6.95 (m, 6H); 6.71 (d, 2H. J=9Hz); 5.08 (s, 2H); 4.57 (d, 2H, J=6Hz); 
3.95 (s, 3H); 3.50 (m, 1H); 2.55 (t, 2H t J=7Hz); 1.65 (t of q, 2H, J=7,7Hz); 1.62 (H 2 0); 0.89 (t, 3H, J=7Hz). NMR minor 
isomer key peaks: 8 5.45 (s, 2H); 4.84 (m, 2H); 3.84 (m, 1H); 3.72 (s, 3H). Anal, calcd. for C4 2 H 38 N 6 03 • (H 2 O) 05 : C. 
73.77; H, 5.74; N, 12.29. Found: C. 73.54; H, 5.76; N, 12.59. 

PART B: Preparation of 4-CarbomethoxY-5-hydroxvmethvl-2-n-propvl-1 -H2'-f 1 H-tetrazol-5-Yl)biPhenvl)methynimida- 



The product from Part A was detritylated by the procedure in Example 333 yielding a glass. Crystallization was 
effected by stirring in ethyl acetate; m.p. 1 13-210 show decomposition. NMR (DMSO-de): 8 7.54 (m, 1H); 7.43-7.28 (m, 
3H); 7.08 (d. 2H, J=9Hz); 6.88 (d, 2H, J=9Hz); 5.30 (s. 2H); 4.72 (s, 2H); 3.73 (s, 3H); 2.48 (t. 2H, J=7Hz); 1.56 (t of q. 
2H, J*7.7Hz); 0.87 (t, 2H, J=7Hz). IR(Nujol)) 3206 (br); 1702; 761 cm 1 . Anal, calcd. for C23H24N503 • (H 2 0) 3 . 5 : C. 
55.75; H, 6.30; N, 16.96. Found: C, 55.83; H, 5.71; N, 16.86. 



Preparation of 5-Hvdroxvmethvl-2-n-propyl-1-rf2^^^ acid 

The product from Example 334, Part A was reacted with trrfluoracetic acid as described in Example 315, Part C. 



Example 334 



Example 335 
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After the aqueous was acidified with HQ, the resulting gummy solids were stirred in the aqueous mixture to which ethyl 
acetate had been added. White crystalline product insoluble in both phases formed. This product was filtered and dried: 
m.p. 250 (dark), >275°C. NMR (DMSOd 6 ): 8 7.73-747 (m, 4H); 7.07 (d, 2H, J=9Hz); 6.98 (d, 2H, J=9Hz); 5.30 (s. 2H); 
4.72 (s. 2H); 3.5 (H 2 0); 2.44 (t, 2H, J=7Hz); 1.52 (t of q, 2H, J=7,7Hz); 0.85 (t, 3H, J=7Hz). Anal, calcd. for 
5 C2 2 H22N603 * (H 2 O) 0 .25: C, 62.47; H, 5.36; N, 19.87. Found C, 62.63; H, 5.25; N, 19.51. 

Example 336 

PART A: Preparation of 2-(4 f -Methylbiphenvl-2-vft-1-benzenesu1fonylacrvlonitrile 

10 

4'-Methylbipheny1-2-carboxaldehyde (6.00 g, 30.6 g mmol, 1 eq.), benzenesulfonylacetonitrile (G. Beck, et al., 
Chem. Ber.. 106 (1973), p. 2758) (5.54 g, 30.6 mmol, 1 eq.), piperidine (0.5 mL), DMF (20 mL), and benzene (40 mL) 
were mixed and refluxed in a Dean-Stark apparatus overnight. The solvents were removed in vacuo and the residue 
chromatographed in 3:1 hexane/ethyl acetate on silica gel to yield 9.86 g of a light yellow solid; m.p. 91 .0-93.0°C. NMR 
15 (200 MHz, CDCI3): 8 8.20 (s, 1H); 8.08 (d, 1H. J=9Hz); 7.95 (d, 2H, J=9Hz); 7.77-7.17 (m, 8H); 7.08 (d. 2H, J=9Hz); 
2.42 (s, 3H). Anal, calcd. for C^H^NC^S: C, 73.51; H, 4.77; S, 8.92. Found: C, 73.25; H, 4.82; S f 8.82. 

PART B: Preparation of 5-Cvano-4-f4 / -methvlbiDhenvl-2-vl)-1.2.3-triazole 

20 2-(4 / -Methylbiphenyl-2-yl)-1-benzenesulfonylaaylonitrile (8.51 g, 23.7 mmol. 1 eq.), sodium azide (1.53 g, 23.7 
mmol, 1 eq.) and DMF were mixed and stirred at 100° for 2.5 h. The reaction mixture was poured into water and 
extracted three times with ethyl acetate. The aqueous layer was saturated with sodium chloride and re-extracted twice 
more with ethyl acetate. The ethyl acetate layers were combined, dried (MgS0 4 ) and the solvent removed in vacuo. The 
residue was chromatographed in 100% ethyl acetate over silica gel to yield 6.21 g of a clear, colorless oil which subse- 
ts quentiy crystallized. Recrystallization from acetonitrile yielded 3.59 g of white crystals; m.p. 170.5-1 72 .0°C. NMR (200 
MHz, DMSO-de): 8 7.72-7.49 (m, 4H); 7.15 (d. 2H, J=9Hz); 6.98 (d, 2H, J=9Hz); 2.29 (s, 3H). Anal, calcd. for C 16 H 12 N 4 : 
C, 73.83; H, 4.65; N, 21.52. Found: C, 73.84; H, 4.80; N, 21.24. 

PART C: Preparation of 2-n-Butyl-4-chloro-1 -[(2'-(5-cyano-1 .2.3-triazol-4-vl)biphenyl-4-yl)methyl1-5-hydroxvmethylimi- 
30 ( fozQlQ 

The title compound was prepared from 5-cyano-4-(4'-methylbiphenyl-2-yl)-1 ,2,3-triazole using the procedures in 
Example 177, Parts D, E and F. NMR (200 MHz, CDCI 3 ): 8 7.66-7.44 (m, 4H); 7.15 (d, 2H, J=9Hz); 6.95 (d, 2H. J=9Hz); 
5.25 (S, 2H); 4.50 (s, 2H): 2.55 (t, 2H, J=7Hz); 1.55 (t of t, 2H, J=7,7Hz); 1.27 (t of q, J=7,7Hz); 0.80 (t, 3H, J=7Hz). 
35 Titrated 260 mg with 1 .000 N NaoH. Theoretical =0.58 mL Actual=0.58 mL Anal, calcd. for C2 4 H23CIN 6 0: C, 64.50; H, 
5.19. Found: C, 64.71; H, 5.52. 

Example 337 

40 Preparation of 2-n-Butyl-5-chloro-1 -[(2'-(5-cyano-1 .2.3-triazol-4-yl)biphenyl-4-vl)methyl]-4-hydroxymethylimidazole 

The title compound is the other regioisomer isolated from the alkylation of 2-butyl-4-chloro-5-hydroxymethylimida- 
zole in Example 336. 

NMR (200 MHz, CDCI3): S 7.62-7.38 (m, 4H), 7.1 1 (d. 2H, J=9Hz); 6.94 (d. 2H, J=9Hz); 5.09 (s, 2H); 4.52 (s. 2H); 
45 2.57 (t. 2H, J=7Hz); 1.60 (t of t, 2H, J=7,7Hz); 1.34 (t of q, 2H, J=7,7Hz); 0.85 (t, 3H, J=7Hz). Mass calcd. for 
C2 4 H23CIN 6 0: 446.1622. Found: 446.1601. 

Example 338 

so Preparation of 2-n-Butvl-4-chloro-1 -f(2'-f f5-carbomethoxy-1 .2.3-triazol-4-vnbiphenvl^-vl1metrivn-5-hvdroxvmethvlimi- 
dazole 

The title compound was prepared from methyl benzenesuffonylacetate (G. Beck, et al., Chem. Ber. 106 (1973) p. 
2758) by the procedures described in Example 336. Parts A, B, and C. NMR (200 MHz, CDCI 3 ): 8 7.57-7.37 (m, 4H); 
55 7.00 (d, 2H, J=9Hz); 6.83 (d, 2H, J=9Hz); 5.15 (s, 2H); 4.45 (s, 2H); 3.65 (s, 3H); 2.50 (t, 2H, J=7Hz); 1.55 (t of t, 2H, 
J=7,7Hz); 1.26 (t of q, 2H, J=7,7Hz); 0.80 (t, 3H, J=7Hz). Titrated 320 mg with 1.000 N NaOH. Theoretical =0.66 mL 
Actual=0.60 mL Anal, calcd. for C25H26CIN5O3: C, 62.56; H, 5.46. Found: C. 62.39; H, 5.75. 
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Example 339 

Preparation of 2-n-Butvl-5-chloro-1 -r(2'-(5-carbomet hoxv-1 .2.3-friazoM-vttbiPhenvl-4-v^ 

dazole 

5 

The title compound is the other regioisomer isolated from the alkylation of 2-butyl-4-chloro-5-hydroxymethylimida- 
zole in Example 338. NMR (200 MHz, CDCI 3 + DMSO-D 6 ): 8 7.44 (d, 2H, J=6Hz); 7.42 (d, 2H, J=6Hz); 5.05 (s, 2H); 
4.48 (s, 2H); 3.58 (s, 3H); 2.56 (t, 2H, J=7Hz); 1 .62 (t of t, 2H, J=7,7Hz); 1 .33 (t of q, J=7,7Hz); 0.85 (t, 3H, J=7Hz). Mass 
calcd. for C25H26CIN5O3: 479.1724. Found: 479.1724. 

10 

Example 340 

PART A: Preparation of N-(2-Cvanoethv1V4^methylbiphenvl-2-c arboxamide 

15 4'-Methylbiphenyl-2-carboxylic acid (50.0 g, 0.24 mmol) was converted into the corresponding acid chloride as 
described in Example 89, Part B using thionyi chloride. This acid chloride was subsequently reacted with 3-aminopro- 
pionitrile fumarate (30.25 g, 0.24 mmol) under Schotten-Baumann reaction conditions described in Example 209, Part 
B to yield 53.50 g of white powder after recrystallization from methylcyclohexane/butylchloride; m.p. 1 02.0-1 03.5°C; 
NMR (200 MHz, CDCI3): 8 7.68 (d, 1H, J=7Hz); 7.56-7.19 (m, 7H); 5.65 (bm, 1H); 3.43 (d of t. 2H, J=7,7Hz); 2.39 (t. 

20 2H, J=7Hz). Anal, calcd. for C 17 H 16 N 2 0: C, 77.25; H, 6.10; N, 10.60. Found: C, 77.42; H, 6.40; N, 10.68. 

PART B: Preparation of N g -(2-cyanoethyl-4^methvlbiDhenvl-2-vl-amidrazone 

N-(2-cyanoethy0-4'-methylbiphenyl-2-c»rboxamide (35.5 g, 126.7 mmol, 1 eq.) and phosphorous pentachloride 
25 (29.01 g, 139.3 mmol, 1.1 eq.) were mixed and gently heated under aspirator vacuum with a heat gun to maintain a slow 
but constant evolution of gas. After gas evolution had stopped (15-30 min.), the resultant oil was dissolved in 300 mL of 
dioxane and hydrazine was slowly added thereto (20.09 mL, 633.7 mmol, 5 eq.). The resultant Diphasic mixture was 
stirred overnight at room temperature. The solvent was removed in vacuo and the residue partitioned between water 
and ethyl acetate. The layers were separated and the aqueous phase reextracted twice more with ethyl acetate. The 
30 organic layers were combined, dried (MgS0 4 ) and the solvent removed in vacuo to yield an orange glass. Slurrying this 
glass in 1 :1 hexane/ethyl acetate yielded 16.14 g of a light pink solid; m.p. 146.5-1 47.0°C; NMR (200 MHz, CDCI3): 8 
7.60-7.16 (m, 10H); 6.15 (m, 1H); 2.98 (d of t, 2H, J=7,7Hz); 2.40 (s, 3H); 1.93 (t, 2H, J=7Hz). Anal, calcd for 
Ci 7 H 18 N4-(N2H 4 )o. 1 : C, 72.52; H, 6.44; N, 20.89. Found: C, 72.50; H, 6.54; N, 21.13. 

35 PART C: Preparation 3-M'-MethvlbiPhenvl-2-vlV5-trif luoromethvl-1 .2,4-triazfl |e 

N 3 -(2-cyanoethyl)-4'-methylbiphenyl-2-yl amidrazone (14.91 g) was added to trifuloromethylacetic anhydride (600 
mL) at 0°C. The mixture was allowed to warm to room temperature and stirred overnight. The solvent was removed in 
vacuo and the residue taken up in ethyl acetate and washed three times with 1 N NaOH followed by once with brine. 

40 The organic layer was dried (MgS0 4 ) and the solvent removed in vacua to yield 18.01 g of a pink solid. This solid with- 
out purification was dissolved in THF (300 mL) to which was added 1 .000 N NaOH (55.58 mL). the mixture was allowed 
to stir for 5 hours. The solvents were removed in vacuo and water was added. This mixture was then extracted three 
times with ethyl acetate. The organic layers were combined, dried (MgS0 4 ) and the solvent removed in vaoyo. to yield 
15.80 g of an orange oil which subsequently crystallized. These solids were dissolved in 1 N NaOH, the insoluble matter 

45 filtered, and the clear filtrate acidified to pH=1 . The filtrate was extracted three times with ethyl acetate. The organic lay- 
ers were combined, dried (MgS0 4 ) and the solvent removed in YSCUQ to yield 13.52 g of a clear, colorless oil which sub- 
sequently crystallized; m.p. 1 13.5-1 15.5°C; NMR (200 MHz, CDCI 3 ): 8 9.86 (m, 1H); 8.53 (m, 2H); 8.28 (m, 1H); 7.37 
(m, 1H); 7.34 (d, 2H, J=9Hz); 7.23 (d, 2H, J=9Hz); 2.42 (s, 3H). Mass calcd. for C 16 H 12 F 3 N3: 303.0983. Found: 
303.0972. Anal, calcd. for C 16 H 12 F3N 3 : C, 63.36; H, 3.99; N, 13.86. Found: C. 63.24; H, 4.17; N, 13.98. 

50 

PART D: Preparation of 2-n-Butvl-4-chloro-5-hvdroxvmethyl-1 -K2'-( 5-trif luoromethvl-1 .2.4-triazol-3-yl)biphenyl-4- 

yl)methyl3imidazQle 

The title compound was prepared from 3-(4'-methylbiphenyl-2-yl)-5-trifluoromethyl-1,2,4-triazole using the proce- 
ss dures in Example 177, Parts D, E, and F. 

NMR (200 MHz, CDCI 3 ): 8 12.67 (bs, 1H); 7.88 (d, 1H, J=9Hz); 7.55 (t, 1H, J=9Hz); 7.47 (t, 1H, J=9Hz); 7.37 (d. 
1H, J=9Hz); 7.10 (d, 2H, J=9Hz); 6.92 (d, 2H, J=9Hz); 5.16 (s, 2H) 4.39 (s, 2H); 2.45 (t, 2H, J=7Hz); 1.53 (t of t, 2H, 
J=7,7Hz); 1.25 (t of q. 2H, J=7,7Hz); 0.82 (t. 3H, J=7Hz). Mass calcd. for C 24 H23CIF 3 N50: 489.1543. Found : 489.1534. 
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Example 341 

Preparation of 2^-Birtvl-5-chloro^- hvdrox^ 
dazole 

5 

The title compound is the other regioisomer isolated from the alkylation of 2-butyl-4-chloro-5-hydroxyme%limida- 
zole in Example 340. NMR (200 MHz, CDCI 3 ): 8 7.68 (d, 1H, J=9Hz); 7.59-7.39 (m, 3H); 7.13 (d, 2H, J=9Hz); 6.97 (d, 
2H, J=9Hz); 5.08 (s, 2H); 4.48 (s. 2H); 2.57 (t. 2H, J=7Hz); 1 .57 (t of t, 2H, J=7,7Hz); 1 .28 (t of q, 2H, J=7.7Hz); 0.83 (t, 
3H, J=7Hz). Mass calcd. for C^H^CIFa N 5 0: 489.1543. Found: 489.1539. 

w 

Example 342 

PART A: Preparation of 2-n-Butvl-4.5-dicvano-1-r(2^-(N-triphenvlmethvl(1 H>tetrazol-5-vl))biphenyl-4-y»methYnimida- 
zole 

15 

Alkylation of 2-n-butyl-4,5-dicyanoimidazole (Example 75, Part A) with 2'-(N-triphenylmethyl(1H-tetrazol-5-yl))-4- 
(bromomethy1)biphenyl (isolated from Example 317, Part B) yielded the titled product as a light yellow solid; m.p. 152.5- 
154.0°C. NMR (CDCI3): 8 7.98 (m, 1H); 7.57-7.46 (m, 2H); 7.40-7.15 (m, 12H); 6.96-6.84 (m. 8H); 5.10 (2H); 2.57 (t, 
2H, J=7Hz); 1.63 (t of t, 2H, J=7,7Hz); 1.30 (t of q, 2H, J=7,7Hz); 0.85 (t. 3H, J=7Hz). Anal, calcd for C 42 H34N 8 : C. 
20 77.52; H, 5.27; N, 17.22. Found: C, 77.82; H, 5.28; N, 17.16. 

PART B: Preparation of 2-n-Birtyl-5-carboxamido-4-cyano-1 -[(2'-(1 H-tetrazol-5-yl)biphenyl-4-yl)methyl]imidazole 

The intermediate from Part A (4.80 g) was dissolved in THF (70 mL). Water (30 mL) followed by trifluoracetic acid 
25 (30 mL) were then added and the mixture stirred for 1 h at 25°C. The pH was adjusted to 10 with 10 NaOH, and the 
organic solvent was removed in vacuo . The trrtyl alcohol was filtered and the aqueous filtrate was acidified to pH=4 with 
cone. HCI. The resultant precipitate was filtered and dried under high vacuum. Recrystallization from hexane/ethyl ace- 
tate yielded 1.18 g of a white powder; m.p. 192.5-1 97. 0°C. The compound titrates for one acidic functionality. NMR 
(DMSO-de): 8 8.30 (bs, 1H); 8.05 (bs. 1H); 7.76-7.50 (m, 4H); 7.11 (d, 2H, J=8Hz); 7.01 (d, 2H, J=8Hz); 5.48 (s, 2H); 
30 2.57 (t, 2H, J=7Hz); 1.48 (t of t, 2H, J=7,7Hz); 1.22 (t of q. 2H, J=7,7Hz); 0.77 (t. 3H, J=7Hz). Anal, calcd. for 
C23H2oN8(H20) 15 : C, 63.43; H, 5.32; N, 25.73. Found C, 63.22; H, 5.25; N, 25.43. 

Example 343 

35 PART A: Preparation of 2.6-Dicyano -4'-methvlbiphenvl 

4-Bromotoluene (10.44 mL, 84.9 mmol, 1 .2 eq.) was converted to the Grig nard reagent (Mg: 3.10 g, 127mmol, 1.9 
eq.) in THF (50 mL) and then added to a stirred mixture of freshly fused zinc (II) chloride (9.34 g, 68.5 mmol, 1 eq.) in 
THF (50 mL) at such a rate as to maintain the temperature at 18°C. In another flash, bis(triphenylphos- 

40 phine)nickel(ll)chloride (1.10 g f 1.7 mmol, 0.025 eq.) and THF (5 mL) were mixed and cooled to 0°C. Diisobutylalumi- 
num hydride (1M in THF, 3.37 mL, 3.4 mmol, 0.049 eq.) was added to the black mixture of Ni catalyst and THF. After 
warming to 20°C, 1-bromo-2,6-dicyanobenzene (T. D. Krizan, J. C. Martin J. Org. Chem.. (1982) 47, 2681) (0.95 g or 
6.7% of the total amount to be coupled, 4.6 mmol, 0.067 eq.) in a minimum of THF was added to the Ni catalyst and 
stirred for 15 min. The Grignard solution was cooled to 6°C and then to it the Ni catalyst mixture was transferred via 

45 cannula. The remaining 1 -bromo-2,6-dicyanobenzene (13.16 g, 63.9 mmol, 0.933 eq.) in a minimum of THF was finally 
added to the Grignard + Ni catalyst mixture. After stirring overnight at 25°C, the mixture was diluted with ethyl acetate 
(400 mL) and washed with water (2X200mL) and brine (1X200mL). The ethyl acetate layer was dried (MgS0 4 ) and the 
solvent removed in vacuo to yield a yellow solid. Chromatography in 75:25 hexane/ethyl acetate to 100% ethyl acetate 
followed by recrystallization from hexane/ethyl acetate yielded 8.46 g of a white solid; m.p. 1 84.0-1 86.0°C. NMR 

so (CDCIg): 8 7.98 (d. 2H, J=9Hz); 7.58 (t, 1 H, J=9Hz); 7.45 (d, 2H, J=9Hz); 7.37 (d, 2H, J=9Hz); 2.44 (s, 3H). Anal, calcd. 
for C 15 H 10 N 2 : C, 82.55; H, 4.62; N, 12.84. Found: C, 82.34; H, 4.78; N, 12.87. 

PART B: Preparation of 2-n-Butvl-4-chloro-1 -K2'-cvano-6'-(1 H-tetrazol-5-vl)biphenvl-4-yl)methvn-5-hvdroxvmethvlimi- 
dazole 

55 

The product from Part A was converted to the above entitled compound by the procedure described in Example 
317 to yield a glass. NMR (DMSOds): 8 8.17 (d, 1H, J=9Hz); 8.02 (d, 1H, J=9Hz); 7.79 (t f 1H, J=9Hz); 7.19 (d, 2H, 
J=9Hz); 7.10 (d, 2H, J=9Hz); 5.27 (s. 2H); 4.32 (s, 2H); 2.41 (t, 2H, J=9Hz); 1.39 (t of t, 2H, J=7.7Hz); 1.20 (t of q, 2H, 
J=7,7Hz); 0.76 (t, 3H, J=7Hz). Anal, calcd. for C^H^CINtO • (^0)0.5: C. 60.46; H, 5.07; CI. 7.75. Found: C. 60.51; H, 
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4.91; CI, 7.78. 
Example 344 

s PART A: Preparation of 2-n-Butvl-4-chloro-1 -rf2 , -cva nobiDhenvl-4-vnmethvnimldazole-5-cartx)xaldehYde 

2-n-Butyl-4-chloroimida2ole-5-cartx»(aldehyde (6.34 g, 34.0 mmol, 1 eq.), 4-bromomethyl-2'-cyanobiphenyl (9.25 
g, 34.0 mmol, 1 eq.), potassium carbonate (5.17 g t 37.4 mmol, 1.1 eq.) and DMF (100 mL) were mixed and stirred at 
25°C overnight. The solids were filtered and the filtrate evaporated. The residue was chromatographed over silica gel 
10 in 9:1 to 1:1 hexane/ethyl acetate and crystallized from methylcyclohexane/n-butyl chloride yielding 9.70 g of a solid: 
m.p. 96.0-97.0°C. NMR (CDCI 3 ): 8 9.78 (s, 1H); 7.83-7.40 (m, 6H); 7.19 (d, 2H, J=9Hz); 5.63 (s, 2H); 2.71 (t, 2H t 
J=»7Hz): 1.72 (t of t. 2H, J=7,7Hz); 1.38 (t of q, 2H, J=7,7Hz); 0.90 (t, 3H, J=7Hz). Anal, calcd. for C22H20CIN3O: C, 
69.93: K 5.34: N, 11.12. Found: C, 69.64; H, 5.37; N, 11.21. 

15 PART B: Preparation of 2-n-Butvl-4-chloro-5-cvano-1 -[(2^yanob iDhenvl-4-vl)methvnimidazole 

The aldehyde from Part A (8.37 g, 22.2 mmol, 1 eq.), hydroxylamine hydrochloride (1.67 g, 24.4 mmol, 1.1 eq.), 
pyridine (33.5 mL) and ethanol (33.5 mL) were mixed and stirred at room temperature. After 10 min., white precipitate 
began to form. After 24 h, the product was filtered, washed with ether and dried under high vacuum to yield 7.25 g of a 
20 white solid: m.p. 223.0-224.5°C. NMR (DMSO<J 6 ): 5 11.38 (s, 1H); 8.03 (s, 1H); 7.97 (d, 1H, J=9Hz); 7.80 (t, 1H, 
J=9Hz); 7.69-7.52 (m, 4H); 7.18 (d, 2H, J=9Hz); 5.67 (s, 2H); 2.62 (t, 2H, J=7Hz); 1 .52 (t of t, 2H, J=7,7Hz); 1 .27 (t of 
q, 2H. J=7,7Hz); 0.80 (t, 3H, J=7Hz); Anal, calcd. for C^K^CI^O: C, 67.26; H, 5.39; N, 14.26. Found: C, 67.21; H, 
5.25; N, 14.29. 

The oxime (5.13 g, 13.0 mmol, 1 eq.) was suspended in a solution of 1 ,2-dichloroethane (51.3 mL) and triethyl- 
25 amine (3.90 mL, 27.7 mmol, 2.1 eq.). The mixture was cooled to 0°C and triflic anhydride (2.15 mL, 13.0 mmol, 1 eq.) 
was added. After 1.5 h, 0.2 mL of triethylamine followed by 0.22 mL of triflic anhydride were added at 25°C. After 5 
hours, added ethyl acetate (200 mL) and washed with water 3X100mL). The organic layer was dried (MgS0 4 ), the sol- 
vent removed in vacuo, and the residue chromatographed in 9:1 toluene/ethyl acetate yielding 3.56 g of a light tan solid; 
m.p. 96.0-97.5°C. NMR (CDCI 3 ): 8 7.82 (d, 1 H, J=9Hz); 7.76-7.45 (m, 5H); 7.33-7.13 (m, 2H); 5.25 (s, 2H); 2.72 (t, 2H, 
30 J=7Hz); 1 .75 (t of t. 2H J=7,7Hz); 1 .39 (t of q, 2H, J=7,7Hz); 0.94 (t, 3H, J=7Hz). Anal, calcd. for C22H19CIN4: C, 70.49; 
H, 5.1 1 ; CI, 9.46. Found: C. 70.57; H, 5.10; CI, 9.30. 

PART C: 2-n-Butvl-4-chloro-5-MH-tetr^^ 

35 The bisnitrile from Part B was converted to the above titled product by the method described in Example 31 6, Parts 
A, B and Example 342, Part B using the appropriate reagent stoichiometrics to yield a light yellow amorphous solid: 
titration of compound with 1 .000 N NaOH showed the presence of exactly two acidic functionalities. NMR (DMSO-d 6 ): 
8 7.75-7.47 (m, 4H); 7.06 (d, 2H, J=9Hz); 6.98 (d, 2H, J=9Hz); 5.55 (s, 2H); 2.65 (t, 2H, J=7Hz); 1.53 (t of t, 2H, 
J=7,7Hz); 1.30 (tof q, 2H, J=7,7Hz); 0.82 (t, 3H. J=7Hz). Anal, calcd. for C^H^CIN^-fHgOJo.s: C, 56.22; H, 4.72; CI, 

40 7.54. Found: C, 56.46; H, 4.61 ; CI, 7.37. 

Example 345 

Preparation of 2-n-Butyl-5-(4-carboxv-1 .2.3-triazol-5 -vlV4-chloro-1-ff2 r -f 1 H-tetrazol-5-vnbiphenvl-4-vl)methvnimidazole 

45 

The titled compound was prepared from 2-n-butyl-4-chloro-1-[(2'-(N-triphenylmethyl-1H-tetrazol-5-yl)biphenyl-4- 
yl)methyl]imidazole-5-carboxaldehyde using the procedures described in Example 338 and deprotecting both the 
methyl ester and trrtyl groups using trif luoroacetic acid by the procedure described in Example 342, Part B: white amor- 
phous solid. NMR (DMSO-d 6 ): 8 16.5-13.0 (bm, 2H); 7.76-7.46 (m, 4H); 7.00 (d. 2H, J=9Hz); 6.94 (d, 2H, J=9Hz); 5.13 
so (s, 2H); 2.07 (t, 2H, J=7Hz): 1.50 (t of t, 2H. J=7,7Hz); 1.28 (t of q, 2H, J=7,7Hz); 0.82 (t 3H, J=7Hz). Mass calcd. for 
C 2 4H22CIN 9 0 2 : 503.1585. Found: 503.1594. 

Example 346 

55 PART A: Preparation of 2-n-ButvH 4f2^-carbometh 9xybiphenvl-4-vl)methvn-4-chloro-5-ri -(2-methoxyphenyl)piperazin- 
4-Yl)methyf]imidazole 

2-n-butyl-1-[(2'-(»rbomethoxybiph^ hydrochloride (1.56 g, 3.3 

mmol, 1 eq.), 1-(2-methoxyphenyl)piperazine (0.64 g, 3.3 mmol, 1 eq.) and acetonitrile (100 mL) were mixed and 
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refluxed for 48 h. The solvent was removed in yaflifi and the residue chromatographed over silica gel in ethand to 4:1 
chloroform/methanol, yielding 960 mg of a yellow oil. NMR showed me presence of both 1-(2-methoxyphenyl)pipera- 
zine and product. The above isolated product was suitable for further transformation; MS detects (M+H) + = 601 . 

PART B: Preparation of 2-n-Butvl-1 •f( 2 > -carboxvbiDhenvl>4-yl^methvl1-4-chloro-5f(1 -(2-methoxvphenvl)piperizin^- 
vl)methyf]imidazole 

A mixture of the compound in Part A (960 mg), 1 .000 N NaOH (8.3 mL), methanol (15 mL) and water (5 mL) was 
refluxed under nitrogen overnight. The organic solvents were removed in vacuo and the pH adjusted to 6 with cone. 
HCI. The resultant precipitate was filtered, washed with water and dried under a high vacuum yielding 244 mg of a light 
yellow amorphous powder. Titration of 200 mg with 1.000 N NaOH required 0.36 mL Theoretical: 0.35 mL. NMR 
(DMSO-dg): 5 7.53-7.17 (m, 7H); 6.80-6.60 (m, 5H); 4.98 (s, 2H); 3.78 (s. 2H); 3.68 (s, 3H); 3.02 (s. 8H); 2.32 (t. 2H, 
J=7Hz); 1.38 (t of t, 2H, J=7,7Hz); 1.20 (t of q, 2H, J=7,7Hz); 0.75 (t, 3H, J=7Hz). Mass calcd. for C33H37CIN4O3: 
572.2554. Found 572.2554. 

Example 347 

PART A: Preparation of Methyl 2-n- butvl-4-chloroimidazole-5-carboxvlate 

The titled compound was prepared by the procedure described in Example 126 from 2-n-butyl-4-chloroimidazole- 
5-carboxaldehyde: m.p. 92.5-93.5 (methylcylohexane). NMR (DMSO-d 6 ): 8 13.05 (bm, 1H); 3.80 (s, 3H); 2.60 (t, 2H, 
J=7Hz); 1.59 (t of t, 2H, J=7,7Hz); 1.26 (t of q, 2H, J=7,7Hz); 0.87 (t, 3H, J=7Hz). Anal, calcd. for CcjH^CI^C^: C, 
49.89; H, 6.05; CI, 16.36; N, 12.93. Found: C, 49.93; H, 6.02; CI, 16.18; N, 12.96. 

PART B: Preparation of Methvl 2-n-butvl-4-chloro-1-[(2 f -(N-triphenvlmethvl (1H-tetrazol-5-vl^biphenvl-4-vl)methvl|imi» 
dazole-5-carboxvlate and its 4-carbomethoxv reoioisomer 

Methyl 2-n-butyl-4-chloroimidazole-5-carboxylate (10.00 g, 46.2 mmol, 1 eq.), 2'-(N-triphenylmethyl-1H-tetrazol-5- 
yl)-4-bromomethytbipheny1 (25.7 g, 46.2 mmol, 1 eq.), tetraethylammonium bromide (970 mg, 4.62 mmol, 0.1 eq.), 10.0 
N NaOH (9.2 mL, 92.3 mmol, 2 eq.), water (40 mL) and methylene chloride (200 mL) were mixed and stirred overnight 
at 25°. Water was then added and the layers were separated. The organic layer was washed with additional water (2x), 
dried (MgS0 4 ) and the solvent removed in vacuo . Chromatography in 9:1 hexane/ethyl acetate to 1:1 hexane/ethyl ace- 
tate yielded the 5-carbomethoxy regioisomer which eluted first followed by the slower 4-carbomethoxy regioisomer. 5- 
Carbomethoxy Regioisomer: m.p. 177.5-178.0 (dec.)°C. NMR (CDCL 3 ): 6 7.91 (m, 1H); 7.53-7.23 (m, 18H); 7.10 (d, 
1H, J«9Hz); 6.95 (d, 2H, J=9Hz); 6.77 (d, 1H, J=9Hz): 5.47 (s, 2H); 3.76 (s, 3H); 2.53 (t, 2H, J=7Hz); 1.67 (t of t, 2H, 
J=7,7Hz); 1.30 (t of q, 2H, J=7,7Hz); 0.89 (t, 3H, J=7Hz). Anal, calcd. for C^yCIN^: C, 72.77; H, 5.38; CI, 5.11 ; N, 
12.12. Found: C, 72.48; H, 5.28; CI, 5.37; N, 11.82. 

4-Carbomethoxy Regioisomer: amorphous glass. NMR (CDCI 3 ): 6 7.95 (m, 1H); 7.53 (m, 2H); 7.40-7.16 (m, 9H); 
7.12 (d. 2H, J=9Hz); 6.97-6.83 (m, 7H); 6.77 (d, 2H, J*9Hz); 5.02 (s, 2H); 3.94 (s, 3H); 2.52 (t, 2H, J=7Hz); 1 .60 (t of t, 
2H, J=7,7Hz); 1.26 (t of q, 2H, J=7,7Hz); 0.83 (t, 3H, J=7Hz). 

PART C: Preparation of 2-n-Birtyl-4-chloro-5-r4-(2-methoxvphenvl)piperazin-1 -vlcarbonyll-1 -f(2 f -(N-triphenylmethvl-1 - 
H-tetrazol-S- vl^biPhenvl-4-vl-methvnimidazole 

n-Butyllithium (2.5 M, 2.56 mL, 6.3 mmol. 1 . 1 eq.) was slowly added to a solution of 1 •(2-methoxyphenyl)piperazine 
(1.12 g, 5.8 mmol, 1 eq.) in THF (30 mL) at 0°C. The solution was allowed to stir for 15 min. atO°C. Afterwards, a THF 
solution (30 mL) of the ester from Part B (4.00 g, 5.8 mmol, 1 eq.) was slowly added maintaining the temperature at 
0°C. The solution was allowed to warm to 25°C. After 24 h, the solvent was removed in vacuo and the residue chroma- 
tographed in 1 :1 hexane/ethyl acetate to 100% ethyl acetate yielding 2.24 g of a yellow glass which was suitable for fur- 
ther transformation. NMR (DMSO^): 6 7.77 (d, 1H, J=9Hz); 7.57-6.60 (m, 26H); 5.16 (s, 2H); 4.05-1.5 (m, 8H); 3.72 
(s, 3H); 2.68 (m, 2H); 1 .64 (t of t, 2H, J=7,7Hz); 1 .33 (t of q, 2H, J=7,7Hz); 0.87 (t. 3H, J=7Hz). 

PART D: Preparation of 2-n-Butvl-4-chloro-5-f4-(2-methoxvphenvl )ptoerazin-1-vl carbonvn-1-K2'-(1H-tetrazol-5- 
yl)biphenvl-4-vi)methyl1imidazole 

The product from Part C (500 mg) was detritylated by the procedure described in Example 342, Part B, to yield 421 
mg of a white solid. The product (417.3 mg) was converted to its sodium salt by titration with 1.000 N NaOH. Theory: 
0.68 mL; Found 0.70 mL m.p. salt 103 (wet), 149 (dec.)°C. NMR (DMSO-de): 8 7.52 (d. 1H J=9Hz); 7.47-6.55 (m, 1 1 H); 
5.25 (bm. 1H); 5.14 (bm, 1H); 4.15-2.37 (m, 6H); 3.72 (s, 3H); 2.77 (m, 2H); 2.48 (m, 2H); 1.65 (t of t, 2H, J=7,7Hz); 
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1 .35 (t of q, 2H, J=7,7Hz); 0.87 (t, 3H, J=7Hz). FABMS, M/E 61 1 .54 (M+H)+, 633.50 (M+Na)+. 
The compounds of Table 24 can be made using the methods described in Example 347: 

Table 24 



10 



15 



25 



30 



35 



40 



50 



Ex. 

20 No. R 6 R 7 R 8 m.p. °C 



348 n-butyl . . J V-/~\ CI (amorphous 



° och 3 

349 n-propyl CI 



OO 



0 OCH3 

350 n-propyl ^ ^ J \-JF \ CI 



yO-O 



6ch 3 

351 n-butyl CI <^ N-CH(CeHs)2 



YV7 



352 n-propyl CI ^ ^ n N-CH(C 6 H 5 ) 2 



45 

353 n-butyl . N ' m -CHJCeHsk CI 



YV7 



55 
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a NMR (DUSO-d 6 ): 6 16.25 (bm, 1H) ; 7.76-7.50 

(«, 4H); 7.17-6.84 (m, 8H) ; 5.25 (s, 2H); 3.95 
(m, 2H); 3.80 (s, 3H) ; 3.75 (m, 2H); 3.00 (» # 
4E); 2.65 (t, 2H, J=7Ha) ; 1.55 (t of t, 2H, 
J=7,7Ha); 130 (t of q, 2H, J=7,7Hz); 0.83 (t, 
3H, J=7Hz). 



15 Example 354 

Preparation of 2-n"Birtvl-4-chloro-5-[f4-f2-methoxyphenYnDiperazin-1 -vnmethyll-1 -f(2'-{ 1 H-tetrazol-5-yl)biphenYl-4- 
vKmethvllimidazole 

20 The amide in Example 347, Part B (1 .01 g, 1 .2 mmol, 1 eq.) was dissolved in toluene (25 mL) and to this solution, 
sodium bis(2-methoxyethoxy)aluminum hydride in toluene (3.4 M, 2.44 mL, 8.3 mmol, 7 eq.) was added. The mixture 
was refluxed for 0.5 h. Water (10 ml) was slowly added (foaming) to quench, followed by the addition of THF (10 mL) 
and trrfluoroacetic acid (5 mL). After 1 hour, the detritylation was complete. The pH was adjusted to 12 with 10 N NaOH, 
and the organic solvents removed in vacuo . More water (30 mL) was added and the trityl alcohol was f iltered off as a 

25 gum. TLC showed the gum to contain all of the product. The gum was dissolved in methanol, evaporated onto silica gel, 
and chromatographed in 1:1 hexane/ethyl acetate to 7:3 ethyl acetate/isopropanol, and finally crystallized from hex- 
ane/ethyl acetate to yield 189 mg of product as a white solid: m.p. 1 53.5-1 57.5°C. NMR (CDCI 3 ): 8 7.94 (d of d, 1H, 
J=1,9Hz); 7.56 (m, 2H); 7.40 (d of d. 1H, J=1,9Hz); 7.10 (d, 2H, J=9Hz); 7.00 (m, 2H); 6.90 (d, 2H, J=9Hz); 6.80 (d, 2H, 
J=9Hz); 5.20 (s, 2H); 3.83 (s, 3H); 3.33 (s, 2H); 2.97 (m, 4H); 2.50 (m, 4H); 2.44 (t, 2H, J=7Hz): 1.61 (t of t. 2H, 

30 J=7,7Hz); 1 .30 (t of q, 2H, J=7,7Hz); 0.87 (t, 3H, J=7Hz). 

The hormone angiotensin II (All) produces numerous biological responses (e.g. vasoconstriction) through stimula- 

35 tion of its receptors on cell membranes. For the purpose of identifying compounds such as All antagonists which are 
capable of interacting with the All receptor, a ligand-receptor binding assay was utilized for the unitiaJ screen. The assay 
was carried out according to the method described by [Glossman et at., J. Biol. Chem.. 249. 825 (1 974)], but with some 
modifications. The reaction mixture contained rat adrenal cortical microsomes (source of All receptor) in Tris buffer and 
2 nM of 3 H-AII with or without potential All antagonist. This mixture was incubated for 1 hour at room temperature and 

40 the reaction was subsequently terminated by rapid filtration and rinsing through glass micro-fibre filter. Receptor-bound 
3 H-AII trapped in filter was quantitated by scintillation counting. The inhibitory concentration (IC50) of potential All 
antagonist which gives 50% displacement of the total specifically bound 3 H-AII is presented as a measure of the affinity 
of such compound for the All receptor (see Table 20). 

The potential antihypertensive effects of the compounds of this invention may be demonstrated by administering 

45 the compounds to awake rats made hypertensive by ligation of the left renal artery [Cangiano et a!., J. Pharmaool. Exp. 
Ther.. 208. 310 (1979)]. This procedure increases blood pressure by increasing renin production with consequent ele- 
vation of All levels. Compounds are administered orally at 100 mg/kg and/or intravenously via a cannula in the jugular 
vein at 10 mg/kg. Arterial blood pressure is continuously measured directly through a carotid artery cannula and 
recorded using a pressure transducer and a polygraph. Blood pressure levels after treatment are compared to pretreat- 

50 ment levels to determine the antihypertensive effects of the compounds (See Table 25). 
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Table 25 







Angiotensin II 
Ke cop tor 
Binding 


Antihypertensive 
Effects in Senal 
Hypertensive Rats 


Ex. No. 




IC KO 

(/.molar) 


Intravenous 
Activity 1 


Oral 

Activity 


1 




1.80 




HA 


2 (sodium 


salt) 


0.140 




NA 


3 (sodiua 


salt) 


0.420 




NA 


A (sodiua 


salt) 


0.280 


♦ 


NA 


5 (sodium 


salt) 


0.160 




NA 


e 




5.70 


NT 




7 




0.420 


♦ 


NA 


8 (sodiua 


salt) 


0.700 




NA 


0 (sodiua 


salt) 


5.80 


NT 




10 (sodiua 


salt) 


0.100 


NT 




11 (sodium 


salt) 


0.380 


NA 


NA 


12 (sodium 


salt) 


0.030 


♦ 


NA 


13 (sodium 


salt) 


6.90 




NA 


14 




3.20 


NT 




15 (sodiua 


salt) 


9.4 


♦ 


NA 


16 




0.018 


♦ 


NA 


17 (sodiua 


salt) 


0.042 




NA 


18 




0.08 


♦ 


NA 


18A 




0.012 






19 (sodiua 


salt) 


1.70 


NT 




20 (sodiua 


salt) 


5.30 


NT 




21 (sodiua 


salt) 


2.10 


♦ 


NA 


25 




3.90 


NT 




26 (sodiua 


salt) 


3.80 




NA 


27 (sodiua 


salt) 


1.20 




♦ 



2 
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Table 25 (continued) 





Angiotensin xx 
Receptor 
Binding 


Antihypertensive 
Effects in Renal 
Hypertensive Bats 


Ex. No. 


IC 60 
ftfmolar) 


Intravenous Oral 
Activity 1 Activity 


28 


8.00 


NT 




29 


3.10 


♦ 


NA 


30 (sodium salt) 


0.39 


♦ 


♦ 


31 


0.64 


NT 




32 (sodium salt) 


0.43 


NT 




33 


0.040 


NT 




35 (sodium salt) 


3.40 


♦ 


♦ 


38 (sodium salt) 


0.10 




NA 


51 


2.30 


NA 


NA 


52 


1.10 


NT 




53A 


0.81 


NA 


NA 


63B 


0.36 


♦ 


NT 


53C 


0.21 


♦ 


NT 


64 


7.20 


♦ 




55 


0.930 


♦ 


NA 


56 


4.40 


NT 




57 


4.00 


♦ 


NA 


68 


8.30 




NA 


59 


3.00 


NA 


NA 


60 


1.20 


NT 




61 


5.00 


NT 




62 (sodium salt) 


9.20 


NT 




63 (sodium salt) 


3.70 




NA 


64 


0.620 


♦ 


NA 


65 


0.240 


♦ 


NA 


66 


0.350 


♦ 


NA 


67 


1.10 


♦ 


NA 


70 


2.50 


♦ 


NA 


71 


2.80 


NT 




72 


6.50 


4 


NA 



2 
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Table 25 (continued) 





Angiotensin II 
Receptor 
Binding 


Antihypertensive 
Effects in Renal 
Hypertensive Rats 


Ex. No. 


IC 50 
fiimolar) 


Intravenous Oral 
Activity 1 Activity 


74 (trans compound) 3.00 


♦ 


NA 


(cis compound) 


4.60 


♦ 


NA 


75 (sodium salt) 


7.60 


♦ 


♦ 


76 (sodium salt) 


2.70 


♦ 


NA 


77 (sodium salt) 


5.70 


NA 


NA 


78 (sodium salt) 


8.00 


♦ 


♦ 


70 (sodium salt) 


0.50 


♦ 


NA 


80 (sodium salt) 


0.50 


♦ 


♦ 


81 (sodium salt) 


0.57 


NA 


NA 


82 


6.10 


NT 




83 


6.40 


NT 

lis 




85 


0.40 


+ 


+ 

NA 


86 
87 




+ 


2.50 


NT 


88 


1.30 






80 


0.030 




♦ 


00 (sodium salt) 


0.020 


♦ 




01 


0.26 


♦ 


NA 


02 


0.062 


♦ 




03 


0.80 




NA 


04 


0.280 


♦ 


♦ 


05 


1.20 


♦ 


NA 


06 


1.10 


NT 




07 


0.270 




NA 


08 (sodium salt) 


0.000 







2 
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Table 25 (continued) 
Angiotensin H Antihypertensive 





Binding 


Effects in Renal 
Hypertensive Rats 


Ex. No. 


IC 50 
Oimol&r) 


Intravenous 
Activity 1 


Oral 

Activity 2 


90 


0.090 




♦ 


100 


0.090 


♦ 




102 


0.061 


♦ 




105 


0.680 




♦ 


106 


1.90 


♦ 


♦ 


107 


1.70 


NT 


108 


0.160 


♦ 


♦ 


109 


0.98 






110 


1.30 




♦ 


113 


0.020 


NT 




114 


0.050 






115 


0.43 




♦ 


116 


0.26 






117 


0.89 






118 


0.089 




+ 


121 


0.330 


♦ 


♦ 


123 


5.60 


♦ 


NA 


124 


1.80 


♦ 


NA 


125 


0.650 




♦ 


126 


0.340 






127 

■ 


0.150 




♦ 


128 


0.08 




♦ 


129 


0.330 


♦ 




130 


0.470 


♦ 


♦ 


132 


0.020 






133 


0.036 


♦ 


♦ 


134 


0.180 






135 


1.30 


♦ 


♦ 


137 


0.053 




♦ 
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Angiotensin II Antihypertensive 
Receptor Effects in Renal 

Binding Hypertensive Rats 







IC 60 


Intravenous 


Oral 


Ex. No. 




(tfmolar) 


Activity 


Activity 


14U1 




0.052 


▼ 




141 




0.190 








saltt 

BOX V J 


0.083 


+ 


m 


1 Aft ( 6aH 4 un 




+ 


+ 

▼ 


1 AO ( nf\tK i iiti 
14V ^SQUIUII 


BAA W J 


0.450 




4. 


1 CO I aA<){ lit* 

lOU ^SOuXVUi 




0.200 


▼ 




lOl ^lOQlua 




0.560 


■ 


F 


152 (sodiua 


salt) 


0.250 


♦ 


♦ 


ICO (ar\A\ 11 M 




0.200 




w 


154 (sodiua 


•alt) 


0.60 






loo 




0.060 


▼ 




150 (sodiua 


salt; 


0.120 


▼ 


T 


162 (sod ilia 


salt; 


0.140 




▼ 


165 (sodiua 


salt) 


3.00 


A 
▼ 


NA 

Ivi 


166 (sodiua 


salt) 


0.240 


A. 

T 


NA 

Ivi 


171 (sodiua 


salt) 


0.600 


▼ 


NA 

Ivi 


173 (sodiua 


salt) 


0.700 




NA 

ha 


174 (sodiua 


salt) 




▼ 


175 (DOHA si 


at) 


1.50 




NA 
NA 


176 








177 




9.60 




NA 


178 




4.20 


♦ 


♦ 


170 




4.40 




NA 


180 




2.90 




NA 


181 




4.90 




NA 


182 




4.10 




NA 


183 




6.30 




NA 


184 




0.40 




NA 



2 
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Table 25 (continued) 







a a . • aa»^v 

Angiotensin II 
Receptor 
Binding 


Antihypertensive 
Effects in Renal 
Hypertensive Rats 




Ex. No. 


IC 60 


Intravenous Oral 
Activity* Activity^ 


185 

a ^^^^ 




0.400 




NA 


102 




2.30 

Sff • ■JsT^iT 




NA 

•>»*a 


103 




0.31 


+ 


NA 

• Ml 


104 




1.20 


NT 




105 

• 




0.02 


+ 


+ 


100 




1.80 

<Bfc •> ^^^^ 




NA 

•lit 


202 


(sodiua salt) 


0.160 


+ 


NA 


203 


(sodiun salt) 


0.340 


+ 


+ 


204 


(sodiua salt) 


1.00 




NA 


205 


(sodiua salt) 


2.50 


NT 




208 


fsodiuA Salt^ 


1.40 


NT 




207 

•VI 


f sodium ss.lt ^ 


0.16 




▲ 

w 


208 


f Sodi&UB Salt^ 


0.330 


a> 


NA 

tin 


200 


f fiodiim salt) 

1 VWAUH SMVI 


0.27 

w^ • mm • 


NT 




215 

at A w 


^ sodiun sslt^ 


0.200 


♦ 


Mi 

NA 


217 


f sodium sa.lt. ^ 


2.70 


NT 




218 


f sodium SA.lt^ 


2.0 

a* . w 


NT 




210 




0.68 

. w w 


NT 




223 




C at A 

5.40 


NT 




224 




5.00 


NT 




227 




0.110 


♦ 




228 




0.530 


NT 




229 




2.10 


♦ 




230 




1.60 


♦ 




231 




0.076 


NT 




232 




0.510 


♦ 
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Table 25 (continued) 



5 Angiotensin II Antihypertensive 

Beceptor Effects in Renal 

B"ding Hypertensive Rats 

IC cn Intravenous Oral 

10 8x. No. fnaolmr) Activity 1 Activity 

233 0.600 * * 

234 0.064 ♦ NA 

235 0.160 ♦ NA 

236 0.110 ♦ 

237 0.120 ♦ HA 

238 0.110 + NA 
20 239 0.120 ♦ 

240 0.092 + 

241 0,170 ♦ 
25 242 0,270 ♦ 

243 0.200 NT 

244 0.088 + 
248 0.120 ♦ 

30 

247 0.110 NT 

248 0.250 + 

249 0.072 ♦ NA 
35 250 0.120 ♦ NA 

264 0.250 + ♦ 

265 0.270 ♦ ♦ 

266 2.30 ♦ 

40 

292 0.700 ♦ ♦ 

314 0.630 ♦ NA 

318 0.14 ♦ NA 

45 326 0.73 ♦ NT 

326 0.79 ♦ NT 

341 0.27 ♦ ♦ 

so 346 0.74 ♦ NT 

354 0.35 NT NT 
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1 Significant decrease in blood pressure at 
10 ag/kg or less 

2 Significant decrease in blood pressure at 
100 ag/kg or less 

NA - Not act its at 100 ag/kg dosage administered. 
Although aany of the compounds tested were not 
active orally, they were active intravenously. 
A few compounds (Examples 10, 51, 53A, 50, 77 
and 81) did not produce a significant decrease 
in blood pressure at 10 ag/kg intravenously, 
but did produce some decrease at that level, 
and it is expected that they would be active 
intravenously at a higher dosage, e.g., 30 
ag/kg. 

NT - Not tested. 



Compounds listed in Table 26 were tested in the same manner as described for Table 25, except that in the test for 
antihypertensive effects in renal hypertensive rats, the compounds were administered orally at 30 mg/kg and intrave- 
nously at 3 mg/kg. 
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T^ble 26 

Angiotensin II Antihypertensive 

Receptor Effects in Renal 

Binding Hypertensive Rats 

IC-~ Intravenous Oral 



Bx. No. 


(jtoolar) 


Activity 1 


Activity 


18A 


0.012 


♦ 


♦ 


92A 


0.04 


♦ 




92B 


0.012 




NT 3 


124A 


0.13 


♦ 




124B 


0.05 


♦ 




1240 


0.02 


♦ 




124D 


0.006 


♦ 


+ 


124B 


0.007 


♦ 


♦ 


124P 


0.001 


NT 


NT 


1240 


0.074 


♦ 


♦ 


124B 


0.29 


♦ 


♦ 


1241 


2.5 


♦ 


NA 


124J 


0.68 


♦ 


♦ 


124K 


0.013 


♦ 




124L 


0.020 


♦ 


♦ 


139 


0.011 


NT 


NT 


140A 


0.39 


NT 


•♦• 


140B 


0.16 


NT 


•♦■ 


1400 


0.02 


♦ 


+ 


MOD 


0.40 


♦ 


♦ 


140B 


0.033 






140P 


0.20 


♦ 


♦ 


1400 


NT 


NT 


♦ 


140H 


0.076 


♦ 




140 J 


0.027 


♦ 


♦ 


140K 


0.038 


♦ 


♦ 


140L 


5.7 






240A 


0.15 




♦ 


261A 


0.045 


♦ 





2 
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Table 26 (continued) 



Angiotensin II Antihypertensive 
Receptor Effects in Renal 

Binding Hypertensive Rats 





I0 50 


Intravenous 


Oral 


Ex. No. 


ftfinolar) 


Activity 1 


Activity 


252 


0.011 


♦ 




265A 


1.1 






265B 


1.4 


♦ 


♦ 


265C 


NT 




NT 


26SD 


1.10 




NT 


265E 


1.60 




NT 


252 


0.011 




+ 


265A 


1.1 


♦ 




265B 


1.4 


♦ 


♦ 


265C 


NT 




NT 


265D 


1.10 


♦ 


NT 


265B 


1.60 




NT 


314A 


0.064 




♦ 


317A 


0.41 




NA 


319 


0.091 




NA 


320 


0.88 




♦ 


321 


1.8 




NA 


322 


- 




♦ 


327 


0.66 


NA 


NA 


327A 


0.20 


♦ 


♦ 


327D 


6.2 


NA 


NA 


328 


6.7 


♦ 


♦ 


320 


0.076 




♦ 


333 


0.051 






334 


0.015 


♦ 


♦ 


335 


0.26 


♦ 


♦ 


336 


0.28 


NA 


NA 


337 


0.76 


4 


NA 


338 


0.26 


NA 


NA 



2 
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Table 26 (continued) 



Ex. No. 



Angiotensin II 
Receptor 
Binding 

IC 50 
(tfaolar) 



Antihypertensive 
Effects in Renal 
Hypertensive Bats 

Intravenous Orel 

Activity 1 Activity 2 



339 
340 
342 
343 
344 
345 
347 
348 
354 



1.7 

0.37 

0.037 

0.51 

0.16 

1.1 

0.20 

1.3 

0.35 



♦ 
♦ 



♦ 
♦ 
♦ 
♦ 
♦ 

NT 



♦ 
♦ 

NA 
♦ 

NT 
♦ 

NA 
NT 



1 Significant decrease in blood pressure at 
3.0 sg/kg or less 

2 Significant decrease in blood pressure at 
30 ng/kg or less 

NA - Not active at 3 Bg/kg or 30 ag/kg dosage 
tested. Although soae of the compounds 
tested were not active orally, they were 
active intravenously. A few compound* 
(Examples 327, 327D, 336 and 338) did not 
produce a significant decrease in blood 
pressure at 3 ng/kg intravenously, but did 
produce some decrease at that level, and it 
is expected that they would be active 
intravenously at a higher dosage, e.g., 30 
«g/kg. 

NT Not tested. 

NT 3 Not tested at 30 sg/kg p.o. 



The hypotensive effects of 2-butyM-chloro-1-[2'-(1H-tetrazol-5-^ 
sodium salt were compared before and after furosemide administration to conscious dogs. Cumulative intravenous 
injections of imidazole at 0.3 to 3 mg/kg did not lower Wood pressure in normotensive conscious dogs (n=4, Fig. 1) but 
they were effective in inhibiting the pressor response to All (0.1 jig/kg iv) determined at 10 min post dose (Rg. 2). 
Plasma renin activity (PRA) in these animals was 1 .5 ± 0.5 ng Al/ml/hr. Four days later, furosemide was given to three 
of these dogs at 10 mg/kg im at 18 and 2 hours before the experiment and increased PRA to 19.9 ± 7.2 ng Al/ml/hr. 
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Imidazole was then given cumulatively iv at the same doses and caused a significant decrease in blood pressure in a 
dose-dependent manner (Fig. 1). It also inhibited the pressor response to All at the two higher doses (Fig. 2). A similar 
hypotensive enhancement by furosemide was also observed with captopril at 0.3 mg/kg iv (Fig. 2). These results indi- 
cate that diuretics enhance the hypotensive efficacy of imidazole All blockers. Thus a combined therapy of these two 
5 classes of drugs will be likely to increase the response rate to therapy among hypertensive patients. 

Dosage Forms 

The compounds of this invention can be administered for the treatment of hypertension according to the invention 
io by any means that effects contact of the active ingredient compound with the site of action in the body of a warm- 
blooded animal. For example, administration can be parenteral, i.e., subcutaneous, intravenous, intramuscular, or intra 
peritoneal. Alternatively, or concurrently, in some cases administration can be by the oral route. 

The compounds can be administered by any conventional means available for use in conjunction with pharmaceu- 
ticals, either as individual therapeutic agents or in a combination of therapeutic agents. They can be administered 
is alone, but are generally administered with a pharmaceutical carrier selected on the basis of the chosen route of admin- 
istration and standard pharmaceutical practice. 

For the purpose of this disclosure, a warm-blooded animal is a member of the animal kingdom possessed of a 
homeostatic mechanism and includes mammals and birds. 

The dosage administered will be dependent on the age, health and weight of the recipient, the extent of disease, 
20 kind of concurrent treatment, if any, frequency of treatment and the nature of the effect desired. Usually, a daily dosage 
of active ingredient compound will be from about 1 -500 milligrams per day. Ordinarily, from 10 to 100 milligrams per day 
in one or more applications is effective to obtain desired results. These dosages are the effective amounts both for treat- 
ment of hypertension and for treatment of congestive heart failure, i.e., for lowering blood pressure and for correcting 
the hemodynamic burden on the heart to relieve the congestion. 
25 The active ingredient can be administered orally in solid dosage forms, such as capsules, tablets, and powders, or 
in liquid dosage forms, such as elixirs syrups, and suspensions. It can also be administered parenterally, in sterile liquid 
dosage forms. 

Gelatin capsules contain the active ingredient and powdered carriers, such as lactose, starch, cellulose derivatives, 
magnesium stearate, stearic acid, and the like. Similar diluents can be used to make compressed tablets. Both tablets 
30 and capsules can be manufactured as sustained release products to provide for continuous release of medication over 
a period of hours. Compressed tablets can be sugar coated or film coated to mask any unpleasant taste and protect the 
tablet from the atmosphere, or enteric coated for selective disintegration in the gastrointestinal tract. 

Liquid dosage forms for oral administration can contain coloring and flavoring to increase patient acceptance. 
In general, water, a suitable oil, saline, aqueous dextrose (glucose), and related sugar solutions and glycols such 
35 as propylene glycol or polyethylene glycols are suitable carriers for parenteral solutions. Solutions for parenteral admin- 
istration preferably contain a water soluble salt of the active ingredient, suitable stabilizing agents, and if necessary, 
buffer substances. Antioxidizing agents such as sodium bisulfite, sodium sulfite, or ascorbic acid, either alone or com- 
bined, are suitable stabilizing agents. Also used are citric acid and its salts and sodium EDTA. In addition, parenteral 
solutions can contain preservatives, such as benzalkonium chloride, methyl-or propylparaben, and chlorobutanol. 
40 Suitable pharmaceutical carriers are described in Remington's Pharmaceutical Sciences. A. Osol, a standard ref- 
erence text in this field. 

Useful pharmaceutical dosage-forms for administration of the compounds of this invention can be illustrated as fol- 
lows: 

45 Capsules 

A large number of unit capsules are prepared by filling standard two-piece hard gelatin capsules each with 100 mil- 
ligrams of powdered active ingredient, 150 milligrams of lactose, 50 milligrams of cellulose, and 6 milligrams magne- 
sium stearate. 

so 

Soft Gelatin Capsules 

A mixture of active ingredient in a digestible oil such as soybean oil, cottonseed oil or olive oil is prepared and 
injected by means of a positive displacement pump into gelatin to form soft gelatin capsules containing 100 milligrams 
55 of the active ingredient The capsules are washed and dried. 

Tablets 

A large number of tablets are prepared by conventional procedures so that the dosage unit is 100 milligrams of 
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active ingredient, 0.2 milligrams of colloidal silicon dioxide, 5 milligrams of magnesium stearate, 275 milligrams of micro- 
crystalline cellulose, 1 1 milligrams of starch and 98.8 milligrams of lactose. Appropriate coatings may be applied to 
increase payability or delay absorption. 

5 Injectable 

A parenteral composition suitable for administration by injection is prepared by stirring 1 .5% by weight of active 
ingredient in 10% by volume propylene glycol. The solution is made to volume with water for injection and sterilized. 

10 Suspension 

An aqueous suspension is prepared for oral administration so that each 5 milliliters contain 100 milligrams of finely 
divided active ingredient, 100 milligrams of sodium carboxymethyl cellulose, 5 milligrams of sodium benzoate, 1.0 
grams of sorbitol solution, U.S.P., and 0.025 milliliters of vanillin. 
is The same dosage forms can generally be used when the compounds of this invention are administered stepwise 
in conjunction with another therapeutic agent. When the drugs are administered in physical combination, the dosage 
form and administration route should be selected for compatibility with both drugs. Suitable dosages, dosage forms and 
administration routes are illustrated in Tables 27 and 28. 

20 

Table 27 

Examples of NSAID's that can be combined with All blockers of this 

invention: 



Drug 


Dose (mg) 


Formulation 


Route 


Indomethacin 


25 (2/3 times daily) 


Tablet 


Oral 


Meclofenamate 


50-100 (2/3 times daily) 


Tablet 


Oral 


Ibuprofen 


300-400 (3/4 times daily) 


Tablet 


Oral 


Piroxicam 


10-20 (1/2 times daily) 


Tablet 


Oral 


Sulindac 


150-200 (2 times daily) 


Tablet 


Oral 


Azapropazone 


200-500 (3/4 times daily) 


Tablet 


Oral 



Table 28 



Examples of diuretics that can be combined with All blockers of this invention: 


Drug 


Dose (mg) 


Formulation 


Route 


Benzothiadizides (e.g. hydrochlorothiazide) 
Loop diuretics (e.g. furosemide) 


25-100 (daily) 
50-80 (daily) 


Tablet 
Tablet 


Oral 
Oral 



When used with an NSAID, the dosage of All blockers will generally be the same as when the All blocker is used 
alone, i.e., 1-500 milligrams per day. ordinarily from 10 to 100 milligrams per day in one or more applications. When 
so used with diuretics, the initial dose of All blocker can be less, e.g., 1 -1 00 milligrams per day and for the more active com- 
pounds 1 -10 milligrams per day. 

It is expected that the compounds of this invention will also be useful in the treatment of chronic renal failure. 

Claims 

55 

Claims for the following Contracting States : AT, BE, CH, LI, DE, FR, GB, GR, IT, LU, NL, SE 

1 . An antihypertensive compound of the formula (I): 
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N 




(I) 



wherein 
R 1 



is 



13 



4-X- 




R 4 
R 6 
R 7 



R 8 



isC0 2 R 11 , N0 2 . CN; 

is alky) of 2 to 10 carbon atoms; 

is CyFjjv+i i where v=2-6, C 6 Fs; 

-?-R 16 ; 

or straight or branched alkyl of 1 to 6 carbon atoms; 
is 



-£r 16 ; 



-(CH 2 ) n — 




-CH-N-NH- SC2 



-o • 



/ 



\ 




NH / 



9 

•C- 





N 



CH3O 




- CH - N - NH 
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or 



■(CH 2 ) n OR 11 ; 




is 
is 



H t or alkyl of 1 to 6 carbon atoms; 
-C0 2 H, -NHS0 2 CF 3 , or 




r 



R 16 

X 



n 



is 
is 
is 
is 



H P or OR 11 

a carbon-carbon single bond; 

1; 

1; 



and pharmaceutical acceptable salts of these compounds. 

2. An antihypertensive compound of claim 1 wherein R 7 is CvF 2v+1 , where v=2 to 6 or C 6 F 5l and pharmaceutical^ 
acceptable salts thereof. 

3. An antihypertensive compound of claim 1 selected from 

• 2-Propyl-4^entafluoroethyM-[(2^ 

• 2-Propyl-1 -[(2'-(1 H-tetrazol-5-yl)biphenyl-4-yl)methyl]imidazole-4 ( 5-dicarboxylic acid. 

• 2-Propyl-4-pentafluoroethyl-1 -[(2'-(1 H-tetrazol-5-yl)biphenyl-4-yl)methyi]imidazole-5-carboxylic acid. 

• 2-Propyl-4-pentaf luoroethyl-[(2'-(1 H-tetrazol-5-yl)biphenyl-4-yl)methy0imidazole-5-carboxaldehyde, and phar- 
maceutically acceptable salts thereof. 

4. An antihypertensive compound of claim 1 wherein R 7 is 



5. A pharmaceutical composition comprising a diuretic or a non-steroidal antiinflammatory drug, a pharmaceutical^ 
suitable carrier and an antihypertensive imidazole as claimed in any one of claims 1 to 4. 

6. Use of an imidazole compound of any one of claims 1 to 4 for the preparation of a medicament for treatment of 
hypertension in a warm blooded animal to which prior or simultaneously a diuretic has been administered. 

7. A process for the preparation of a compound of claim 1 which comprises contacting an imidazole derivative of For- 
mula 1 with a benzyl derivative of Formula 2 in a solvent in the presence of a base for about 1 to about 10 hours 
at a temperature in the range of about 20 °C to the reflux temperature of the solvent to form a benzylimidazole of 
Formula 3 : 
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FT 



N 
H 




15 



20 



25 



wherein each of R 1 , R 6 , R 7 and R 8 is stable under the reaction conditions and is a group as defined in claim 1 or 
an intermediate or protected form thereof which can be transformed to such a group and wherein X 1 is halogen, p- 
toluenesuKonyloxy or methyisulfonyioxy; and thereafter as necessary transforming said intermediate or protected 
forms of the R group to R groups as defined in claim 1. 

8. Process of claim 7 wherein compounds 1 and 2 are contacted in the presence of a base selected from the group 
consisting of a metal hydride, MH, a metal alkoxide, MOR, sodium carbonate, potassium carbonate, triethylamine 
and pyridine, in a dipolar aprotic solvent or, where the base is MOR, the solvent can be an alcohol, ROH, where M 
is lithium, sodium or potassium and R is methyl, ethyl or t-butyl. 

9. Process of claim 7 wherein a two-phase solvent system one an organic phase such as methylene chloride and the 
other an aqueous phase, is used in the presence of a phase transfer catalyst such as tricaprytmethylammonium 
chloride. 



30 10. Process of claim 7, wherein R 7 or R 8 or R 13 is -CO2R 1 1 where R 11 is alkyi of 1 to 6 carbon atoms and the product 
of Formula 3 is contacted with an alkali in an aqueous alcoholic solvent or with CF 3 C0 2 H at a temperature in the 
range of about 20 °C to the reflux temperature of the solvent for about 1 -24 hours, followed by adjustment of the pH 
of the mixture to a value in the range of 3 to 7, to convert the product to the corresponding product wherein R 7 or 
R 8 or R 13 is -C0 2 H. 

35 

11. Process of claim 7 wherein R 13 is -CN and the product of Formula 3 is contacted with (i) a strong acid at reflux 
temperature of the solvent for about 2-96 hours or (ii) a strong alkali in an alcohol solvent at a temperature in the 
range of about 20 °C and the reflux temperature of the solvent for about 2-96 hours followed by adjustment of the 
pH to about 3-7, or (iii) sulfuric acid followed by acid or alkali, to convert the product to the corresponding compound 

40 wherein R 13 is-C0 2 H. 

1 2. Process of claim 1 1 , wherein R 8 is -(CH^pOR 1 1 and is converted to (OHaJnOH when R 13 is converted to -C0 2 H. 

13. Process of claim 7 wherein R 13 is -CN and the product of Formula 3 is contacted with a mixture of equimolar 
45 amounts of sodium azide and ammonium chloride in a polar aprotic solvent at a temperature in the range of about 

30 °C to the reflux temperature of the solvent, for about 1 hour to 10 days, to convert the product to the correspond- 
ing compound wherein R 13 is 5-tetrazolyl. 

14. Process of claim 7 wherein R 13 is -CN and the product of Formula 3 is reacted with trialkyttin azide or triaryttin 
50 azide followed by acidic or basic hydrolysis to convert the product to the corresponding compound wherein R 13 is 

5-tetrazolyl. 

15. Process of claim 7 wherein R 13 is -CN and the product of Formula 3 is reacted with trialkyttin azide or triaryttin 
azide to produce a compound of Formula 3 wherein R 13 is trialkyl or triaryt stannyl tetrazd-5-yl, the latter com- 

55 pound is reacted with triphenylmethyl chloride to produce a compound of Formula 3 wherein R 13 is triphenylme- 
thyl-tetrazol-5-yi, and the latter compound is hydrolyzed to produce a compound of Formula 3 wherein R 13 is 5- 
tetrazolyl. 

1 6. Process of claim 7 wherein R 13 is -NO2 and the product of Formula 3 is contacted with a reducing agent to form a 
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second intermediate of Formula 3 in which R 13 is NH 2 , and the latter is contacted with an anhydride (CF 3 SC>2)20 
or a chloride CF 3 S0 2 CI of methane sulfonic acid in a solvent to produce a compound in which R 13 is -NHS0 2 CF 3 . 

17. Process of claim 7 wherein R 8 is (CH^nOH and the product of Formula 3 is contacted with an alcohol R 11 OH in 
s the anhydrous state in the presence of a strong acid or a Lewis acid, followed by saponification of any CO2R 11 

groups where R 1 1 is aJkyl of 1 to 6 carbon atoms concomitantly formed or present in intermediate 3, to form the 
corresponding compound of Formula 3 wherein R 8 is (CH 2 ) n OR 11 and R 11 is not H. 

18. Process of claim 7 wherein R 8 is (CH 2 ) n OH and the product of Formula 3 is contacted with an oxidizing agent at a 
10 temperature of about 25-45 °C for about 1 -200 hours to produce a corresponding compound of Formula 3 in which 

R 8 is -CHO. 

19. Process of claim 7 wherein R 8 is COR 16 and R 16 is H and the compound of Formula 3 is contacted with an oxidiz- 
ing agent in a solvent to form a corresponding compound of Formula 3 in which R 8 is COR 16 and R 16 is OH. 

15 

20. Process of claim 7 wherein R 8 is (CH^OH and the product of Formula 3 is contacted with thionyl chloride in 
excess or in a solvent at a temperature in the range of about 20 °C to the reflux temperature of the solvent for about 
0.5-24 hours to form an intermediate compound of Formula 3 in which R 8 is (CH^ n Cl and then said intermediate 
is contacted with (2-methoxyphenyl)piperazine in a solvent at temperature in the range of 25 °C to the reflux tem- 

20 perature of the solvent for 1 -48 hours to produce a corresponding compound of Formula 3 in which R 8 is 



25 



~(CH 2 )n- 



CH3O 



30 



35 



40 



45 



21 . Process of claim 7 wherein R 8 is -CHO, whereby the benzyl derivative of Formula 2 attaches to the imidazole deriv- 
ative of Formula 1 preferentially at the nitrogen atom adjacent the carbon atom of the imidazole ring to which R 8 is 
attached. 

22. Process of claim 7 wherein R 7 is I and the product of Formula 3 is contacted with a perf luoroalkyl copper reagent, 
CF 3 (CF 2 ) n Cu (where n=0-5) or pentaf luorophenyl copper in a polar solvent such as dimethylformamide or dimeth- 
ylsulfoxide alone or in the presence of a palladium (O) catalyst, at 25-1 00 °C for 1 -24 hours to form the correspond- 
ing compound of Formula 3 wherein R 7 is (CF2) n CF 3 (where n=0-5) or C 6 F 5 . 

23. A process of claim 7 wherein R 8 is CHO and the product of Formula 3 is contacted with a hydrazine derivative or 
hydrazine itself in the presence or absence of a solvent such as alcohol or water at room temperature to form the 
corresponding compound of Formula 3, wherein R 8 is 




-CH-N-NH-S02— C\ /) *• Of -CH-N-NH 




50 



24. A process of claim 7 wherein the product of Formula 3 wherein R 13 is N-trityltetrazole is refluxed in R n OH from 1 
55 hour to 5 days, to yield a product wherein R 13 is tetrazole. 

25. A process of claim 7 wherein the product of Formula 3 wherein R 7 and R 8 are CO z R 11 where R 1 1 is alkyl of 1 to 6 
carbon atoms and R 13 is N-trityltetrazole is contacted with a sterically hindered hydride reducing agent such as lith- 
ium tri-t-butoxyaluminumhydride in an anhydrous solvent such as tetrahydrofuran, ether, or dioxane at -78 °C to the 
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reflux temperature of the solvent followed by quenching with an alcohol followed by purification to yield compound 
of Formula 3 wherein R 7 is 4-C0 2 R 11 , R 8 is 5-OH^)H and R 13 is N-trityltetrazole followed by 

(a) contacting with an alcohol R 11 OH at its reflux temperature for 1 hour to 5 days to yield a product wherein 
R 7 is 4-C0 2 R 11 , R 8 is 5-CH 2 OH and R 13 is tetrazole or 

(b) contacting with aqueous acid such as HCI or H 2 S0 4 or CF 3 COOH at 0-100 °C for 1 hour to 5 days to yield 
product of Formula 3 wherein R 7 is 4-COOH, R 8 is 5-Ch^OH and R 13 is tetrazole. 

26. A process of claim 7 wherein R 8 is C0 2 R 1 1 where R 1 1 is alkyi of 1 to 6 carbon atoms, and the compound of Formula 
3 is contacted with a metallic salt such as lithium or sodium salt of (2-methoxyphenyl)piperazine in an anhydrous 
solvent such as tetrahydrofuran, ether or dioxane to yield product of Formula 3 wherein R 8 is 

• c -00 ■ 

CH 3 o 



27. A process of claim 7. wherein R 8 is 



II 



o-p 

OCH 3 



in which the product of Formula 3 is contacted with hydride reducing agents such as sodium bis(2-methox- 
yethoxy)aluminum hydride in non-hydroxylic solvents at 0 °C to the reflux temperature of the solvent to yield a prod- 
uct of Formula 3 wherein R 8 is 




* CH2 "V7"0 ' 

ch 3 o 



Claims for the following Contracting State: ES 

1 . A process for the preparation of an antihypertensive compound of the formula (I): 
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10 



15 




(CHz), 




20 



(I) 



wherein 



25 



R 1 



is 



30 



13 




35 



40 



R 4 
R 6 

R 7 



is C0 2 R 11 , N0 2 , CN; 

is alkyl of 2 to 10 carbon atoms; 

is C^v+i, where v=2-6, C 6 F 5 ; 



-C-R 



16 



45 



50 



55 



R 8 



or straight or branched alkyl of 1 to 6 carbon atoms; 
is 



- (CHa) n — 



/ \ 
CH 3 0. 





CH 3 0 
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H 



or -(CHgJnOR 11 ; 

R 1 1 is H, or alkyl of 1 to 6 carbon atoms; 
R 13 is -C0 2 H, -NHS0 2 CF 3 , or 




R 16 is H, or OR 11 

X is a carbon-carbon single bond; 

n is 1 ; 

r is 1; 

and pharmaceutical^ acceptable salts of these compounds, which comprises contacting an imidazole derivative of 
Formula 1 with a benzyl derivative of Formula 2 in a solvent in the presence of a base for about 1 to about 10 hours 
at a temperature in the range of about 20°C to the reflux temperature of the solvent to form a benzylimidazole of 
Formula 3: 




3 



wherein each of R 1 , R 6 , R 7 and R 8 is stable under the reaction conditions and is a group as defined above or an 
intermediate or protected form thereof which can be transformed to such a group and wherein X 1 is halogen, p-tol- 
uenesulfonyloxy or methylsuffonyloxy; and thereafter as necessary transforming said intermediate or protected 
forms of the R groups to R groups. 

Process of claim 1 wherein R 7 is CyF^+i . where v=2 to 6, or C 6 F 5 . 
Process of claim 1 wherein the compounds prepared are selected from 

• 2-Propyt-4-pentaf luoroethyl-1 -[(2'-(1 H-tetrazol-5-yl)biphenyl-4-yl)metri^ 

• 2-PropyM -[(2'-(1 H-tefrazol-5-yl)biphenyl-4-yl)metr^ acid. 

• 2-Propyl-4-pentaf luoroethyl-1 -[(2-(1 H-tetrazol-5-y0biphenyl-4-y0methyl]irrudazole-5K»rboxylic acid. 

• 2-Propyl-4-pentafluoroetri^-[(2 , -(1H^^ and phar- 



210 



EP 0 324 377 B1 



maceutically acceptable salts thereof. 
4. Process of claim 1 wherein R 7 is 

O 
ti 

-C-R 16 . 



5. Process for preparing a pharmaceutical composition comprising a diuretic or a non-steroidal antiinflammatory 
drug, a pharmaceutically suitable earner and an antihypertensive imidazole as prepared in any one of claims 1 to 
4, which comprises mixing the ingredients with a pharmaceutically suitable carrier. 

6. Process of Claim 1 wherein compounds 1 and 2 are contacted in the presence of a base selected from the group 
consisting of a metal hydride, MH, a metal alkoxide, MOR. sodium carbonate, potassium carbonate, triethylamine 
and pyridine, in a dipolar aprotic solvent or, where the base is MOR, the solvent can be an alcohol, ROH, where M 
is lithium, sodium or potassium and R is methyl, ethyl or t-butyl. 

7. Process of Claim 1 wherein a two-phase solvent system, one an organic phase such as methylene chloride and 
the other an aqueous phase, is used in the presence of a phase transfer catalyst such as tricaprylmethylammonium 
chloride. 

8. Process of claim 1 wherein R 7 or R 8 or R 13 is -C0 2 R 1 1 where R 1 1 is alkyl of 1 to 6 carbon atoms and the product 
of Formula 3 is contacted with an alkali in an aqueous alcoholic solvent or with CF 3 C0 2 H at a temperature in the 
range of about 20 °C to the reflux temperature of the solvent for about 1 -24 hours, followed by adjustment of the pH 
of the mixture to a value in the range of 3 to 7, to convert the product to the corresponding product wherein R 7 or 
R 8 or R 13 is -C0 2 H. 

9. Process of Claim 1 wherein R 13 is -CN and the product of Formula 3 is contacted with (i) a strong acid at reflux 
temperature of the solvent for about 2-96 hours or (ii) a strong alkali in an alcohol solvent at a temperature in the 
range of about 20°C and the reflux temperature of the solvent for about 2-96 hours followed by adjustment of the 
pH to about 3-7, or (iii) sulfuric acid followed by acid or alkali, to convert the product to the corresponding compound 
wherein R 13 is -C0 2 H. 

10. Process of claim 9, wherein R 8 is -(CH^nOR 11 and is converted to (OH^nOH when R 13 is converted to -C0 2 H. 

11. Process of Claim 1 wherein R 13 is -CN and the product of Formula 3 is contacted with a mixture of equimolar 
amounts of sodium azide and ammonium chloride in a polar aprotic solvent at a temperature in the range of about 
30°C to the reflux temperature of the solvent, for about 1 hour to 10 days, to convert the product to the correspond- 
ing compound wherein R 13 is 5-tetrazolyl. 

12. Process of Claim 1 wherein R 13 is -CN and the product of Formula 3 is reacted with trialkyltin azide or triaryltin 
azide followed by acidic or basic hydrolysis to convert the product to the corresponding compound wherein R 13 is 
5-tetrazolyl. 

13. Process of Claim 1 wherein R 13 is -CN and the product of Formula 3 is reacted with trialkyltin azide or triaryltin 
azide to produce a compound of Formula 3 wherein R 13 is trialkyl or triaryl stannyl tetrazol-5-yl, the latter com- 
pound is reacted with triphenylmethyl chloride to produce a compound of Formula 3 wherein R 13 is triphenylme- 
thyl-tetrazol-5-yl f and the latter compound is hydrolyzed to produce a compound of Formula 3 wherein R 13 is 5- 
tetrazolyl. 

14. Process of Claim 1 wherein R 13 is -N0 2 and the product of Formula 3 is contacted with a reducing agent to form 
a second intermediate of Formula 3 in which R 13 is NH 2 , and the latter is contacted with an anhydride (CF 3 S0 2 ) 2 0 
or a chloride CF 3 S0 2 CI of methane sulfonic acid in a solvent to produce a compound in which R 13 is -NHS0 2 CF 3 . 

15. Process of Claim 1 wherein R 8 is (CH^CH and the product of Formula 3 is contacted with an alcohol R 11 OH in 
the anhydrous state in the presence of a strong acid or a Lewis acid, followed by saponification of any C0 2 R 11 
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groups where R 11 is alkyl of 1 to 6 carbon atoms concomitantly formed or present in intermediate 3, to form the 
corresponding compound of Formula 3 wherein R 8 is (CH^GR 11 and R 11 is not H. 

16. Process of Claim 1 wherein R 8 is (CH 2 ) n OH and the product of Formula 3 is contacted with an oxidizing agent at 
a temperature of about 25-45°C for about 1 -200 hours to produce a corresponding compound of Formula 3 in 
which R 8 is -CHO. 

1 7. Process of claim 1 wherein R 8 is COR 16 and R 16 is H and the compound of Formula 3 is contacted with an oxidiz- 
ing agent in a solvent to form a corresponding compound of Formula 3 in which R 8 is~COR 16 and R 16 is OH. 

18. Process of claim 1 wherein R 8 is (CH2) n OH and the product of Formula 3 is contacted with thionyl chloride in 
excess or in a solvent at a temperature in the range of about 20 °C to the reflux temperature of the solvent for about 
0.5-24 hours to form an intermediate compound of Formula 3 in which R 8 is (CH^ n CI and then said intermediate 
is contacted with (2-methoxyphenyl)piperazine in a solvent at temperature in the range of 25°C to the reflux tem- 
perature of the solvent for 1-48 hours to produce a corresponding compound of Formula 3 in which R 8 is 




19. Process of Claim 1 wherein R b is -CHO, whereby the benzyl derivative of Formula 2 attaches to the imidazole 
derivative of Formula 1 preferentially at the nitrogen atom adjacent the carbon atom of the imidazole ring to which 
R 8 is attached. 

20. Process of Claim 1 wherein R 7 is I and the product of Formula 3 is contacted with a pert luoroalkyl copper reagent, 
CF 3 (CF 2 ) n Cu (where n=0-5), or pentafluorophenyl copper in a polar solvent such as dimethylformamide ordimeth- 
ylsutfoxide alone or in the presence of a palladium (0) catalyst, at 25-1 00°C for 1-24 hours to form the correspond- 
ing compound of Formula 3 wherein R 7 is (CF2) n CF 3 (where n=0-5) or C 6 F 5 . 

21. A process of Claim 1 wherein R 8 is CHO and the product of Formula 3 is contacted with a hydrazine derivative or 
hydrazine itself in the presence or absence of a solvent such as alcohol or water at room temperature to form the 
corresponding compound of Formula 3, wherein R 8 is 




H 



22. A process of Claim 1 wherein the product of Formula 3 wherein R 13 is N-trityltetrazole is refluxed in R 1 1 OH from 1 
hour to 5 days, to yield a product wherein R 13 is tetrazole. 

23. A process of claim 1 wherein the product of Formula 3 wherein R 7 and R 8 are C0 2 R 11 where R 11 is alkyl of 1 to 6 
carbon atoms and R 13 is N-trityttetrazole is contacted with a sterically hindered hydride reducing agent such as lith- 
ium tri-t-butoxyaluminumhydride in an anhydrous solvent such as tetrahydrofuran, ether, or diaxane at -78 ° C to 
the reflux temperature of the solvent followed by quenching with an alcohol followed by purification to yield com- 
pound of Formula 3 wherein R 7 is 4-C0 2 R 11 , R 8 is 5-CH 2 OH and R 13 is N-trityttetrazole followed by 

(a) contacting with an alcohol R 11 OH at its reflux temperature for 1 hour to 5 days to yield a product wherein 
R 7 is 4-C0 2 R 11 . R 8 is 5-CH 2 OH and R 1 3 is tetrazole or 

(b) contacting with aqueous acid such as HQ or 1-1^04 or CF 3 COOH at 0-100 °C for 1 hour to 5 days to yield 
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product of Formula 3 wherein R 7 is 4-COOH, R 8 is 5-CH 2 OH and R 13 is tetrazole. 

24. A process of claim 1 wherein R 8 is C0 2 R 1 1 where R 1 1 is alkyl of 1 to 6 carbon atoms, and the compound of Formula 
3 is contacted with a metallic salt such as lithium or sodium salt of (2-methcxyphenyl)piperazine in an anhydrous 
5 solvent such as tetrahydrofuran, ether or dioxane to yield product of Formula 3 wherein R 8 is 



10 




CH 3 0 



15 

25. A process of claim 1 wherein R 8 is 

0CH3 

in which the product of Formula 3 is contacted with hydride reducing agents such as sodium bis(2-methox- 
yethoxy)aluminum hydride in non-hydrcxylic solvents at 0°C to the reflux temperature of the solvent to yield a prod- 
30 uct of Formula 3 wherein R 8 is 



35 
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PatentansprQche 

PatentansprOche fur folgende Vertragsstaaten : AT, BE, CH, LI, DE, FR, GB, GR, IT, LU, NL, SE 

45 1 . Blutdrucksenkende Verbindung der Formel (I): 
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